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FOREWORD 

This annual r e p o r t  s m a r i z e s  t h e  r e p o r t s  publ ished 

and t h e  s p e c i a l  t a s k s  performed by t h e  Astro Sciences Center 

of I I T  Research I n s t i t u t e  during t h e  1 2  month pe r iod  from 

J u l y  1966 through June 1967. 

t e c h n i c a l  memoranda are summarized toge ther  w i th  a d e s c r i p t i o n  

of t e c h n i c a l  no te s  on which formal r e p o r t s  have n o t  been 

w r i t t e n .  I n  a d d i t i o n ,  9 t echn ica l  papers have been publ ished 

i n  the open l i terature .  The work has been performed under 

NASA Contract  NASr-65(06). 

A t o t a l  of twelve r e p o r t s  o r  
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Report N o .  A-4 

FOURTH ANNUAL SUMMARY REPORT 

1. INTR ODU CTI ON 

The Astro Sciences Center of I I T  Research I n s t i t u t e  

(ASC/IITRI) has been engaged i n  a cont inuing program of r e s e a r c h ,  

s tudy,  and a n a l y s i s  f o r  t h e  Lunar and Plane tary  Programs Divi- 

s i o n  under Contract  No. NASr-65(06). The c o n t r a c t  w a s  l a s t  

renewed, f o r  t h e  f o u r t h  time, on November 1, 1966. This r e p o r t  

covers the per iod  from J u l y  1966 through June 1967 during which 

a t o t a l  of 140 man months of e f f o r t  w e r e  expended. 

The program, during t h e  p a s t  year ,  has been developed 

and broadened t o  support  t h e  expanding advanced mission planning 

needs of NASA. A t  t h e  s t a r t  of t h i s  r e p o r t  per iod ,  a p o s i t i o n  

had been reached whereby Phase 0 mission s t u d i e s  had been com- 

p l e t e d  f o r  e a r l y  missions t o  t he  p l a n e t s ,  a s t e r o i d s ,  comets, 

and t o  i n t e r p l a n e t a r y  space.  It  w a s  t h e r e f o r e  p o s s i b l e  t h i s  

year  t o  devote Phase 0 s tudy e f f o r t  t o  some more advanced and 

more s o p h i s t i c a t e d  missions such as t h e  Automated Mars Sample 

Return Mission. I n  a d d i t i o n  i t  has been p o s s i b l e  t o  s t a r t  
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coordinat ing the  r e s u l t s  of the  previous s tud ie s  of missions t o  

ind iv idua l  t a r g e t s  t o  provide a methodology f o r  planning the  

explorat ion of t h e  solar system as a whole. 

The a reas  of s tudy necessary t o  meet t he  broad objec- 

t i v e s  of planning support  can be def ined b r i e f l y  as: 

Development, ref inement ,  and evaluat ion of t h e  
s c i e n t i f i c  ob jec t ives  of space explora t ion ,  

Analyses of t h e  mission requirements f o r  t h e  
explora t ion  of p l ane t s ,  s a t e l l i t e s ,  comets, and 
a s t e r o i d s ,  

Analyses of t h e  requirements f o r  t h e  coordinated 
t o t a l  explorat ion of t h e  s o l a r  system, 

Development and maintenance of a computational 
c a p a b i l i t y  i n  support  of t h e  study ob jec t ives ,  

Development of key elements i n  support  of a long 
range  plan f o r  t h e  explora t ion  of t he  s o l a r  
s y s t e m .  

While t h e  ongoing a c t i v i t i e s  of ASC/IITRI a r e  repor ted  

t o  Lunar and Plane tary  Programs Divis ion  i n  monthly progress  

r e p o r t s  and a t  r e g u l a r l y  scheduled review and planning meetings, 

t h e  more t a n g i b l e  output  i s  i n  t h e  form of t echn ica l  r e p o r t s .  

For the 1 2  month per iod  reported he re  a t o t a l  of 2 1  r e p o r t s  and 

documents have been submitted.  O f  t hese ,9  w i l l  be  included i n  

S c i e n t i f i c  and Technical Aerospace Reports (STAR) and 9 

w i l l  have been publ ished i n  t h e  open l i t e r a t u r e .  Summaries of 

t h e s e  r e p o r t s  and t echn ica l  memoranda are given i n  Sect ion 2 .  

I I T  R E S E A R C H  I N S T I T U T E  
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The t echn ica l  no tes  of Sec t ion  3 summarize s tudy e f f o r t s  t h a t  

have been performed and c a p a b i l i t i e s  t h a t  exist  bu t  f o r  which 

no formal r e p o r t s  have been w r i t t e n .  Sec t ion  4 l i s t s  t h e  papers  

publ ished and presented a s  a r e s u l t  of work performed under t h i s  

c o n t r a c t .  F i n a l l y  Sec t ion  5 i s  a bibl iography of t h e  r e p o r t s  

and t echn ica l  memoranda published under t h i s  c o n t r a c t  s i n c e  i t s  

incept ion .  
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2 .  SUMMARY OF REPORTS PUBLISHED JULY 1966-JUNE 1967 

The s tudy a reas  l i s t e d  above have been subdivided i n t o  

s u b j e c t  ca t egor i e s .  A l l  r e p o r t s  are i d e n t i f i e d  by a code 

l e t t e r ,  i n d i c a t i n g  i t s  technica l  s u b j e c t  category,  and by a 

sequen t i a l  number r e f l e c t i n g  the  order  of submission. 

The e i g h t  r e p o r t  ca tegor ies  a r e  a s  fol lows:  

A - Annual Summary Reports 
C - Cost Estimation Methods 
M - Mission Analysis 
P - Object ives  of Advanced Missions 
R - Success P r o b a b i l i t y  Determinations 
S - Spacecraf t  Technology 
T - General Tra jec tory  S tudies  
W - P r o j e c t  Scheduling 

An ind iv idua l  document i n  each of t h e s e  ca t egor i e s  may 

b e  publ ished as a r e p o r t ,  a d i g e s t  r e p o r t ,  o r  a t e c h n i c a l  

memorandum. Reports p re sen t  t he  resul ts  of major s t u d i e s ,  

d i g e s t  r e p o r t s  are summaries or condensations of r e p o r t s ,  and 

t e c h n i c a l  memoranda inc lude  the  r e s u l t s  of s t u d i e s  i n  narrow 

t e c h n i c a l  areas, i n t e r i m  r e p o r t s  and o the r  documents involving 

very l i m i t e d  d i s t r i b u t i o n .  These r e p o r t  types a r e  discussed 

t o g e t h e r  w i th  t h e  d i s t r i b u t i o n  l i s t s  i n  Appendix A. 

1 1 1  R E S E A R C H  I N S T I T U T E  
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2 . 1  Reports 

Report M - 1 3  

"Preliminary Payload Analysis of Automated Mars 
Sample Return Missions" 

J. C .  Niehoff 

May 1967 

Ear ly  Voyager missions t o  Mars may b e  followed by l a r g e  

automated b i o l o g i c a l  l abo ra to ry  (ABL) s p a c e c r a f t  designed t o  

conduct -- i n  s i t u  b i o l o g i c a l ,  geologica l ,  and meteorological  

ana lyses  on t h e  Martian sur face .  Recently t h e  p o s s i b i l i t y  of 

r e t u r n i n g  a sample of t h e  Martian su r face  back t o  Ea r th  f o r  

a n a l y s i s  has gained i n t e r e s t  as a complement t o  o r  s u b s t i t u t e  

f o r  t h e  ABL mission.  This r e p o r t  i s  concerned wi th  t h e  unmanned 

o r  automated c o l l e c t i o n  of a sample of t h e  Martian su r face  and 

i t s  r e t u r n  t o  Ear th .  The mission i s  r e f e r r e d  t o  a s  an Automated 

Mars Sample Return (AMSR). The s tudy o b j e c t i v e  was t o  i d e n t i f y  

by pre l iminary  a n a l y s i s  AMSR mission modes which could be  

launched i n  t h e  mid-1970's by a s i n g l e  Saturn V v e h i c l e  i f  a v a i l -  

a b l e  chemical propuls ion systems w e r e  used throughout t h e  miss ion ,  

The s c i e n t i f i c  j u s t i f i c a t i o n  for  r e t u r n i n g  Mars samples t o  Ea r th  

w a s  not considered i n  t h i s  s t u d y .  

The s tudy resu l t s  are  presented  i n  t h r e e  p a r t s .  F i r s t -  

l y ,  the mission i s  subdivided i n t o  k e y  phases and s e v e r a l  op t ions  

I I T  R E S E A R C H  I N S T I T U T E  
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a r e  discussed f o r  each phase. On t h e  b a s i s  of study c o n s t r a i n t s  

and t h e  r e s t r a i n e d  scope of i n t e r e s t  (mid-1970 missions)  enough 

r e l e v a n t  phase opt ions a r e  se l ec t ed  t o  formulate 1 2  candida te  

mission modes. Secondly, t h e  assumptions, support ing performance 

ana lyses ,  and t h e  payload determinat ion methodology a r e  b r i e f l y  

d iscussed .  F i n a l l y ,  four  of the 1 2  candidate  mission modes a r e  

shown t o  s a t i s f y  t h e  study c o n s t r a i n t s  and be  wi th in  t h e  cap- 

a b i l i t y  of a s i n g l e  Saturn V launch. 

These four  mission modes are  summarized i n  t h e  Surmnary 

I 

~ 

Table.  Modes 1-3  a l l  use  minimum energy i n t e r p l a n e t a r y  t r a n s -  

I 

f e r s  and a long (306 day) s t a y  t i m e  a t  Mars. Tota l  t r i p  t i m e  

i s  975 days. Mode 1 i s  d is t inguished  by a Mars cap tu re  o r b i t  

be fo re  descent  and d i r e c t  r e t u r n  of t h e  c o l l e c t e d  sample from 

t h e  Mars 'surface.  Mode 2 employs a d i r e c t  en t ry  descent  (no 

cap tu re  o r b i t )  and d i r e c t  r e t u r n  of t h e  c o l l e c t e d  sample .  

Mode 3 uses a Mars capture  o r b i t  be fo re  descent and rendezvous 

i n  o r b i t  be fo re  r e t u r n  of t h e  c o l l e c t e d  sample t o  Earth.  

Mode 4 uses  t h e  same near-Mars opt ions as Mode 3 ,  bu t  w i th  

h igher  energy i n t e r p l a n e t a r y  t r a n s f e r s  and a Venus swingby ( r e -  

I 
I 

I 
I t u rn ing )  t o  

i t i m e  t o  549 

mode leaves 
, 

shor t en  t h e  s t a y  t i m e  t o  1 2  days and t h e  t o t a l  t r i p  

days. The requi red  t o t a l  spacec ra f t  weight f o r  each 

a payload contingency of between 50 and 250 percent  

f o r  a s i n g l e  Saturn V launch. However, a number of t h e  
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assumptions which were made i n  order t o  determine these  t o t a l  

I 

weights r e q u i r e  f u r t h e r  v e r i f i c a t i o n  and a r e  s p e c i f i c a l l y  noted 

i n  t h e  r e p o r t  conclusions.  

AMSR mission f e a s i b i l i t y  appears t o  hinge on t h e  demon- 

s t r a t i o n  of e i t h e r  of t w o  new c a p a b i l i t i e s .  These a r e  

0 t h e  a b i l i t y  t o  so f t - l and  a 8-10,000 l b  launch 
veh ic l e  and a n c i l l a r y  equipment on Mars (Mode 1 
and 2) ,  or 

0 t h e  a b i l i t y  t o  rendezvous and dock two unmanned 
spacec ra f t  i n  Mars o r b i t  (Modes 3 and 4 ) .  

A number of s p e c i f i c  sub jec t s  a r e  recommended f o r  con- 

t inued  a n a l y s i s  i n  order  t o  f u r t h e r  determine t h e  value and 

f e a s i b i l i t y  of AMSR missions.  These s u b j e c t s  inc lude :  

0 Determination of the  s c i e n t i f i c  ob jec t ives  
a p p l i c a b l e  t o  AMSR missions,  

0 Evaluation of t h e  sample s i z e ,  and t h e  c o l l e c t i o n  
and s t o r a g e  requirements,  

0 Analysis of Mars landing s i t e  a v a i l a b i l i t y  and 
f l u c t u a t i o n  wi th  launch opportuni ty  and Mars 
i n t e r c e p t  o p t i o m  , 

0 I n v e s t i g a t i o n  of changing weight requirements and 
new mission modes (e .g . ,  outbound Venus swingbys) 
w i th  l a t e r  launch oppor tun i t i e s ,  

0 Analysis of rendezvous and docking schemes and 
a s s o c i a t e d  systems design requirements,  

0 D e f i n i t i o n  of optimum descent  p r o f i l e s  f o r  heavy 
(8-10,000 l b )  Mars l a n d e r s ,  

0 Comparison of assumed s t r u c t u r e  f a c t o r s  w i th  
a v a i l a b l e  propulsion sys tem hardware and designs , 

I I T  R E S E A R C H  I N S T I T U T E  
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I 

0 Analysis of midcourse requirements w i th  d i f f e r e n t  
t r a n s f e r  t r a j e c t o r i e s  ( including Venus swingby) 
and Mars i n t e r c e p t  op t ions ,  

0 Determination of payload p e n a l t i e s  of launch win- 
dows and p lane  change requirements.  

The s tudy r e s u l t s  support  a continued i n t e r e s t  i n  AMSR missions 

which should be encouraged a t  l e a s t  u n t i l  t h e s e  recommendations 

a r e  s a t i s f i e d .  

I I T  R E S E A R C H  I N S T I T U T E  

9 



Report M - 1 4  

Digest  Report:  Missions t o  t h e  Outer P lane t s  

F .  Narin 

May 1967 

This r e p o r t  i s  a d iges t  of a s e r i e s  of advanced plan-  

ning r e p o r t s  and papers prepared by t h e  Astro Sciences Center 

over t h e  l a s t  two years. As such, i t  i s  an overview of t h e  

cha l lenges  and p o t e n t i a l  rewards of ou ter  p l a n e t  missions 

r a t h e r  than a d e t a i l e d  discussion of s p e c i f i c  aspec ts  of t h e s e  

missions.  

The primary source w a s  A S C / I I ' I R I  Report M - 1 1 ,  "A Survey 

of Missions t o  Saturn,  Uranus, Neptune, and P lu to , "  However, 

i n  order  t o  inc lude  J u p i t e r ,  information was a l s o  taken from 

t h e  following sources:  A S C i I I T R I  Report P-10, " C r i t i c a l  Msasure- 

ments on Ear ly  Missions t o  J u p i t e r  ; I r  A S C / I I T R I  paper,  "Choice 

of F l i g h t  Mode for Outer P lane t  Missions;" A S C / I I T R I  paper ,  "The 

Requirements of Unmanned Space Missions t o  J u p i t e r  . I 1  

The baFic conclusion o f  t h e s e  r e p o r t s  and papers i s  

t h a t  s c i e n t i f i c a l l y  i n t e r e s t i n g  missions t o  t h e  outer  p l a n e t s  

are p o s s i b l e .  F l i g h t  t i m e s  range from 1 t o  3 years f o r  J u p i t e r  

and Sa turn  t o  a minimum of 4 years f o r  P l u t o  wi th  a hypo the t i ca l  

n u c l e a r  e l e c t r i c  low-thrust  s tage .  Radical  technological  depar- 

t u r e s  from t h e  cu r ren t  Mariner and Voyager programs do no t  

1 1 1  R E S E A R C H  I N S T I T U T E  
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I 

appear t o  b e  r equ i r ed  f o r  e a r l y  missions t o  t h e  outer  p l a n e t s .  

Flyby and o r b i t e r  missions both should be performed; 

however, an ex tens ive  program of f lyby  f l i g h t s  i s  no t  recom- 

mended, because t h e  da t a  a t t a i n a b l e  from f lyby  missions are  

l i m i t e d  i n  comparison t o  those  provided by o r b i t e r s .  

For f lyby  f l i g h t s ,  t h e  p r e f e r r e d  f l i g h t  mode i s  b a l l i s t i c  

t o  J u p i t e r ,  and b a l l i s t i c  g r a v i t y  assist  t o  t h e  o the r  ou te r  

p l ane t s .  The g r a v i t y  a s s i s t  mode can be  used only i n  those  

years  i n  which t h e  p l ane t s  a r e  c o r r e c t l y  a l igned .  The next  

launch oppor tun i t i e s  f o r  g r a v i t y  a s s i s t e d  missions u t i l i z i n g  

J u p i t e r  a r e  c l u s t e r e d  i n  t h e  1976 t o  1980 time per iod ,  followed 

by a wa i t ing  per iod  of 11 t o  4 5  years .  

For o r b i t e r  missions,  a g r a v i t y  a s s i s t  mode should no t  

be used,  because t h e  high approach v e l o c i t y  i n  g r a v i t y  a s s i s t e d  

miss ions  a c t u a l l y  reduces t h e  payload in  o r b i t  t o  less  than t h a t  

ob ta inab le  from d i r e c t  b a l l i s t i c  f l i g h t s .  For most l oose  (highly 

e c c e n t r i c )  o r b i t e r s ,  the b a l l i s t i c  f l i g h t  mode i s  s a t i s f a c t o r y .  

However, many c i r c u l a r  near  p l ane t  o r b i t s  a r e  no t  f e a s i b l e  b a l -  

l i s t i c a l l y  even wi th  t h e  Saturn V-Centaur; f o r  t h e s e  missions a 

nuc lea r  e l e c t r i c  low-thrust  s t a g e  i s  very a t t r a c t i v e .  

I I T  R E S E A R C H  I N S T I T U T E  
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Report P-18 

" S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s :  
The Origin and Evolution of t h e  Solar  System" 

J .  M .  Wit t ing 

September 1 9  66 NASA STAR NO.  N67-10880 

Understanding t h e  o r i g i n  and evolu t ion  of t h e  s o l a r  

sys t em i s  one of t h e  primary goals  of t h e  space program and 

many spacec ra f t  experiments and missions c o n t r i b u t e  t o  t h i s  

goa l .  

ments proposed and t h i s  goa l  i s  o f t e n  tenuous. 

t h i s  s tudy has been t o  i s o l a t e  spacec ra f t  measurements and 

o t h e r  f u t u r e  work which a r e  c l o s e l y  t i e d  t o  an understanding of 

t h e  o r i g i n  and evolu t ion  of t h e  s o l a r  system. 

However t h e  r e l a t i o n s h i p  between t h e  ind iv idua l  exper i -  

The purpose of 

Three broad a reas  o f  s tudy  have been pursued: 

Present  day observat ions , t h e o r i e s  , and experi-  
ments which are  thought t o  be  boundary condi t ions  
on t h e  o r i g i n  and evolu t ion  of t h e  s o l a r  sys t em,  
i . e . ,  f a c t s  which m u s t  b e  explained by any com- 
p l e t e  theory.  

A broad sampling and c r i t i q u e  of t h e  more promin- 
en t  t h e o r i e s  which have been der ived t o  expla in  
t h e  o r i g i n  and evolut ion of t h e  s o l a r  s y s t e m .  

Future  work and experimentation which i s  necessary 
t o  advance our understanding, e i t h e r  by d i s t i n -  
gu ish ing  among proposed t h e o r i e s ,  o r  by c o n t r i b u t -  
ing t o  o r  f u r t h e r  de f in ing  e x i s t i n g  boundary 
condi t ions .  
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A discuss ion  of t h e  r e l i a b i l i t y  one can p l ace  on each 

of  t h e  suggested boundary condi t ions i s  given. Where p o s s i b l e ,  

t h e  boundary condi t ions  have been examined a s  t o  whether they 

should b e  placed on t h e o r i e s  of o r i g i n  or  on t h e o r i e s  of evolu- 

t i o n  of t h e  s o l a r  system. 

The boundary condi t ions thought t o  be most r e l e v a n t  t o  

t h e o r i e s  of t h e  o r i g i n  and evolut ion of t h e  s o l a r  system are: 

The angular  momentum per  u n i t  mass of  t h e  Sun i s  
l e s s  than t h a t  of t h e  p l a n e t s  by a f a c t o r  of more 
than 10,000. 

The Sun's r o t a t i o n  speed i s  no t  unusual when com- 
pared t o  o the r  s t a r s  of t h e  same s p e c t r a l  c l a s s .  

The Sun w a s  probably very l a r g e  and b r i g h t  f o r  
d l 0 6  years ;  i t  was then very a c t i v e  during some 
or  a l l  of t h e  nextw107 years ;  i t s  su r face  t e m -  
p e r a t u r e  probably never exceeded& 6000°K. 

The i n c l i n a t i o n s  and e c c e n t r i c i t i e s  of t h e  p l a n e t s  
and a s t e r o i d s  a r e  very low; t h e i r  o r b i t a 1 , r a d i i  
follow an empirical  law (Bode's law) approximately. 

Regular s a t e l l i t e s  have extremely low i n c l i n a t i o n s  
and e c c e n t r i c i t i e s ;  t h e i r  o r b i t a l  r a d i i  fol low a 
"Bode's law''  less  w e l l  than do t h e  p l a n e t s .  

The p l a n e t s  and a s t e r o i d s  r o t a t e  w i th  s m a l l  v a r i -  
a t i o n s  i n  per iod ,  except f o r  Venus, Mercury, and 
Plu to ;  they tend t o  have f a i r l y  low o b l i q u i t y .  

The average s p a t i a l  d i s t r i b u t i o n  of m a t t e r  i n  t h e  
solar sys t em.  

Based on gross  phys ica l  p r o p e r t i e s ,  p l a n e t s  f a l l  
i n t o  two classes, Jovian ( l a r g e ,  low dens i ty ,  low 
molecular weight) and te r res t r ia l  (small ,  h igh 
d e n s i t y ,  high molecular weight) .  
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The uncompressed d e n s i t i e s  of t e r r e s t r i a l  p l a n e t s  
decrease ( s l i g h t l y )  w i th  inc reas ing  s o l a r  d i s t ance .  

The Ear th ,  and probably o the r  t e r r e s t r i a l  p l a n e t s ,  
have much s m a l l e r  than cosmic abundance of h ighly  
v o l a t i l e  elements, inc luding  those  of high 
molecular weight.  

R e l a t i v e  abundances of elements which d i f f e r  i n  
v o l a t i l i t y  by orders  of magnitudes a t  e leva ted  
temperatures ,  but  n o t  atru300S(,  do not  depar t  
s i g n i f i c a n t l y  f r o m  cosmic abundance. 

The r a t i o  of deuterium t o  hydrogen i s  1.5 x 
t h e  r a t i o  of L i 6  t o  L i 7  i s  .080; t h e  r a t i o  of B 1 0  
t o  B1l i s  . 232 .  

I so topes  of xenon and s i l v e r  which a r e  e-decay 
products  of r a d i o a c t i v e n u c l i d e s  a r e  overabundant 
i n  me teo r i t e s  . 

A l a r g e  number of t heo r i e s  have been proposed t o  ex- 

p l a i n  t h e  o r i g i n  and evolu t ion  o f  t h e  s o l a r  sys tem,  based on 

some of t h e  boundary condi t ions.  Almost a l l  t h e o r i e s  f a l l  i n t o  

t h r e e  classes: 

(1) "Catastrophic" theo r i e s  p o s t u l a t e  a Sun-star  
enc oun t er , 

(2)  "Evolutionary" theo r i e s  form t h e  e n t i r e  s o l a r  
system out  of a s i n g l e  con t r ac t ing  cloud of 
i n t e r s t e l l a r  m a t e r i a l ,  and 

(3)  "Mixed" t h e o r i e s  p o s t u l a t e  a S u n - i n t e r s t e l l a r  
cloud encounter.  

Many more t h e o r i e s  have been proposed than  a r e  con- 

s i d e r e d  here.  Catas t rophic  theo r i e s  w e r e  once popular.  However, 
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they f a i l  t o  account f o r  c e r t a i n  very important boundary condi- 

t i o n s  and a r e  no t  t r e a t e d  i n  d e t a i l .  

Evolutionary t h e o r i e s  a r e  confronted wi th  a s e r i o u s  

problem i n  accounting f o r  t h e  angular momentum d i s t r i b u t i o n  i n  

t h e  s o l a r  system. New f l u i d  dynamical and hydromagnetic p r i n -  

c i p l e s  can make such t h e o r i e s  a t  l eas t  p l aus ib l e .  A number of 

such evolu t ionary  t h e o r i e s  have been summarized. The "mixed" 

theory of Schmidt and h i s  co l l abora to r s  has a l s o  been considered. 

The t h e o r i e s  tend t o  diverge a t  a number of p o i n t s ,  

some of  which are  q u i t e  fundamental: 

Did t h e  e n t i r e  s o l a r  s y s t e m  o r i g i n a t e  from a 
s i n g l e  cloud, o r  d id  a p re -ex i s t ing  Sun cap tu re  
p a r t  of an i n t e r s t e l l a r  cloud which u l t i m a t e l y  
formed p lane t s?  

I f  t h e  s i n g l e  cloud theory i s  c o r r e c t ,  how d id  
t h e  San l o s e  o r  f a i l  t o  acqu i r e  cons iderable  
angular  momentum? 

Did p l a n e t s  grow from plane tes imals  o r  sh r ink  
f r o m  pro toplane ts?  

S t rengths  and weaknesses of each theory considered a r e  

po in t ed  o u t ,  and a comparison between r e s u l t s  of each theory 

and t h e  boundary condi t ions  s e t  f o r t h  e a r l i e r  has been used t o  

determine those  s p a c e c r a f t  measurements and o t h e r  work which 

are  most c l o s e l y  r e l a t e d  t o  s o l a r  s y s t e m  o r i g i n  and evolu t ion .  
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Future  work having t h e  h ighes t  importance i s :  

(1) Measurements of i n t e r s t e l l a r  composition, includ-  
ing  i s o t o p i c  r a t io s ,  on a mission t o  s o l a r  sys t em 
escape. This would provide a s i g n i f i c a n t  new 
boundary condi t ion on t h e o r i e s  of s o l a r  s y s t e m  
o r i g i n  by ob ta in ing ,  a "cosmic abundance" more 
r e a l i s t i c  than p resen t ly  a v a i l a b l e ,  and may 
modify e x i s t i n g  boundary condi t ions .  

(2) Measurements of t he  i s o t o p i c  r a t i o ( s )  L i 6 : L i 7 ,  
B 1 o : B 1 1  and/or C13:C12 on a Jovian p l ane t  or  a 
comet. 
t h e  problem of p lane tary  formation from proto-  
p l a n e t s  vs.  planetesimals .  

The r e s u l t s  would c o n t r i b u t e  t o  s e t t l i n g  

Other knowledge of c l e a r  importance t o  understanding 

t h e  o r i g i n  and evolu t ion  of  t h e  s o l a r  system i s :  

He:H r a t i o  on t h e  Jovian p l a n e t s ,  e spec ia l ly  
J u p i t e r .  

The evolu t ion  of s tars  i n  t h e i r  pre-main-sequence 
phase. 

Xenon (and s i l v e r ,  i f  poss ib l e )  i s o t o p i c  r a t i o s  
on p l a n e t s ,  s a t e l l i t e s ,  a s t e r o i d s ,  comets. 

The dens i ty  of Mercury. 

The magnetic f i e l d  p r o p e r t i e s  of t h e  p l a n e t s .  

The hea t  f l u x  from luna r  and p l ane ta ry  i n t e r i o r s .  

The equation of s t a t e  of i ron -n icke l ,  s i l i c a t e s ,  
hydrogen under high pressure .  

Could t h e  p l ane t s  have been h ighly  i n c l i n e d  o r  
e c c e n t r i c  a f t e r  t h e i r  formation? 

The s p a t i a l  dens i ty  o f ,  and condi t ions  i n s i d e ,  
i n t e r s t e l l a r  clouds. 

The frequency of p l ane ta ry  sys t ems .  
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(13) I n t e r s t e l l a r  dens i ty ,  temperature,  magnetic f i e l d .  

(14) Cloud con t r ac t ion  theory.  

(15) The condi t ions ,  i f  any, under which p lane tes imals  
can a c c r e t e  t o  form p l a n e t s .  

(16) The exospheric temperatures of each p l a n e t .  

(17) I n  t h e  exosphere, t h e  molecular v e l o c i t y  d i s t r i -  
bu t ion  a t  high energies .  
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Report No. P-19 

I 

" S c i e n t i f i c  Objectives of Deep Space Inves t iga t ions  : 
J u p i t e r  a s  an Object of  Bio logica l  I n t e r e s t "  

Astro Sciences Center 

May 1967 

The exob io log i s t s '  expectat ions f o r  f ind ing  e x t r a t e r -  

r e s t r i a l  l i f e  i n  t h e  s o l a r  system t r a d i t i o n a l l y  have been focused 

on t h e  inne r  p l a n e t s ,  w i th  p a r t i c u l a r  a t t e n t i o n  d i r e c t e d  a t  Mars. 

Formerly, i t  w a s  gene ra l ly  bel ieved t h a t  t h e  d i s t a n t  ou te r  

p l a n e t s ,  such a s  J u p i t e r ,  would be  too co ld ,  and t h a t  t h e i r  a t -  

mospheres might be  composed of  substances t h a t  w e r e  in imica l  t o  

t h e  s u r v i v a l  of l i f e ,  as i t  i s  known on t h e  Earth.  

This r e p o r t  i n d i c a t e s  t h a t  t h e  former pessimism regard-  

ing t h e  p o s s i b l e  ex i s t ence  of l i f e  on J u p i t e r  may no longer be 

j u s t i f i e d .  Although information about t h e  Jovian atmosphere 

i s  a t  p re sen t  l i m i t e d ,  condi t ions may p r e v a i l  on t h e  p l ane t  which 

are  compatible wi th  t h e  ex i s t ence  of a p r i m i t i v e  b i o l o g i c a l  en- 

vironment. This  assumption i s  supported by some evidence, as 

we l l  as r e c e n t  t h e o r i e s .  

The r e p o r t  d i scusses  t h e  Jovian environment; some of 

t h e  b i o l o g i c a l  systems t h a t  conceivably could evolve under such 

cond i t ions ;  a b r i e f  d i scuss ion  o f  c u r r e n t  i deas  about t h e  o r i g i n  

of t e r r e s t r i a l  l i f e ;  an assessment of t h e  importance of J u p i t e r  
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from a b i o l o g i c a l  po in t  of view; and, t h e  e f f e c t  of t h i s  i n f o r -  

mation on t h e  planning of conventional observat ions and space- 

c r a f t  missions t o  t h e  p l a n e t s  fo r  purposes of s c i e n t i f i c  

explora t ion .  

A s  ideas  about t h e  o r i g i n  of l i f e  on t h e  Earth have 

become more s o p h i s t i c a t e d  and supported by experimental inves-  

t i g a t i o n s ,  i t  has become reasonably apparent t h a t  t h e  condi t ions  

which e x i s t e d  on t h e  Earth a t  t h e  t i m e  t h a t  t e r res t r ia l  bio-  

genes i s  occurred w e r e  no t  un l ike  those  t h a t  a r e  assumed t o  

c h a r a c t e r i z e  t h e  lower strata of J u p i t e r ' s  atmosphere. Also, 

an inc reas ing  amount of knowledge obtained about t h e  Jovian en- 

vironment during r ecen t  years suggests t h e  p o s s i b i l i t y  t h a t  t h e  

p l a n e t ' s  atmosphere i s  h ighly  reducing and t h a t  r e l a t i v e l y  t e m -  

p e r a t e  reg ions  containing l i q u i d  water a s  clouds,  or even s e a s ,  

may occur a t  l e v e l s  below those which a r e  v i s i b l e  by d i r e c t  ob- 

s e rva t ion .  The inc reased  temperatures i n  t h e  lower s t r a t a  may 

b e  produced i n  p a r t  by t h e  "greenhouse" e f f e c t  of s o l a r  hea t  

t rapped  i n  t h e  p l a n e t ' s  atmosphere. 

J u p i t e r ' s  atmosphere appears t o  have t h e  same r e l a t i v e  

composition as t h a t  suggested by t h e  s o l a r  abundance of t h e  

elements.  

ammonia, and hydrogen, whi le  t h e  presence of helium i s  i n f e r r e d  

by i n d i r e c t  a n a l y s i s .  The presence of f r e e  oxygen and n i t rogen  

The Jovian atmosphere i s  known t o  conta in  methane, 
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i s  not  expected t o  be found, however, s i n c e  i n  a reducing hydro- 

gen-r ich atmosphere, t h e s e  gases would have combined wi th  hydro- 

gen t o  form water and ammonia, r e s p e c t i v e l y .  Oxygen-containing 

compounds such a s  carbon dioxide and carbon monoxide, would 

s i m i l a r l y  be  reduced t o  water and methane, w i th  t h e  water  

frozen out  a t  t h e  temperatures of t h e  upper atmosphere. 

I n  success fu l  labora tory  experiments, simulated Jovian- 

type  atmospheres have been subjected t o  u l t r a v i o l e t  r a d i a t i o n ,  

e l e c t r i c  d i scharges ,  i on iz ing  r a d i a t i o n ,  and hea t ,  which re- 

s u l t e d  i n  t h e  production of such compounds a s  adenine and 

hydrocyanic a c i d ,  as w e l l  as amino a c i d s  and o ther  complex or -  

ganic  substances.  Such compounds gene ra l ly  are  considered t o  

be necessary precursors  t o  t h e  s i m p l e  forms of l i f e ,  s i n c e  

they  form t h e  bu i ld ing  blocks f o r  t h e  nuc le i c  ac ids  and p r o t e i n s  

which a r e  v i t a l  elements of l i v i n g  organisms. 

I n  a d d i t i o n  t o  t h i s  evidence f o r  t h e  p o s s i b l e  ex i s t ence  

of b i o l o g i c a l  precursors  on J u p i t e r ,  i t  should b e  noted t h a t  

c e r t a i n  types of p r i m i t i v e  organisms which p r e s e n t l y  ex i s t  on 

t h e  Ea r th  a l s o  could poss ib ly  surv ive  i n  t h e  Jovian environment. 

These organisms, as f o r  example, anaerobic  methane b a c t e r i a  

(which apparent ly  a r e  a b l e  t o  take  i n  hydrogen and release 

methane), might have evolved on t h e  Ear th  under condi t ions  such 

as t h o s e  which now exist on J u p i t e r ,  and managed t o  su rv ive  t o  
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our e r a  i n  h ighly  s p e c i f i c  micro-environments. A l so ,  considera- 

t i o n  must be given t o  t h e  p o s s i b i l i t y  t h a t  l i f e  forms i n  t h e  

process  of development on J u p i t e r  may have evolved i n  a manner 

completely d i f f e r e n t  from t h a t  of t e r r e s t r i a l  l i f e .  An example 

of t h i s  would be  t h e  u s e  of l i q u i d  ammonia i n s t e a d  of water a s  

a b i o l o g i c a l  s u b s t r a t e ,  

The o r i g i n  of t e r r e s t r i a l  l i f e  i s  thought t o  have 

passed through t h r e e  d i s t i n c t  chemical phases: inorganic  t o  

organic  t o  b i o l o g i c a l .  The generat ion of l i f e  on t h e  E a r t h ' s  

s u r f a c e  must have been preceded by a prel iminary development of 

those  organic  substances of which organisms a r e  c o n s t i t u t e d .  

I f  p o s i t i v e  evidence was found on J u p i t e r ,  of t h e  syn thes i s  of 

organic  m a t t e r  i n  t h e  presence of a p r i m i t i v e  reducing atmos- 

phere,  i t  would provide support  f o r  present  concepts of t h e  

evolu t ion  of organized ma t t e r .  A l so ,  nega t ive  f ind ings  would 

be meaningful s i n c e  they would necessitate r e o r i e n t a t i o n  of 

p r e s e n t  th inking  as w e l l  as a re -eva lua t ion  of l a b o r a t o r y  exper- 

iments employing s imulated reducing atmospheres. 

The s c i e n t i f i c  explora t ion  of J u p i t e r  should inc lude  

a d d i t i o n a l  ground-based o r  near-Earth observat ions t o  ob ta in  

more information about t h e  presence of organic  molecules,  water ,  

and temperature  regimes a t  var ious atmospheric l e v e l s .  Such 

d a t a  could l a t e r  b e  r e f i n e d  by means of spacec ra f t  f lyby  and 
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o r b i t e r  missions.  However, s ince  t h e  most r evea l ing  and i n t e r -  

e s t i n g  p a r t  of t h e  p l a n e t  from t h e  b i o l o g i c a l  s tandpoin t  i s  t h e  

reg ion  below t h e  clouds,  atmospheric probes , 
surv ivable ,  may be  r equ i r ed  t o  explore  t h a t  reg ion .  Therefore ,  

spacec ra f t  missions which l ead  t o  t h e  deployment of such probes 

should be given t h e  h ighes t  p r i o r i t y  f o r  t h e  b i o l o g i c a l  explor- 

a t i o n  of J u p i t e r .  

su rv ivab le  and non- 

The r e p o r t  concludes t h a t  p r e s e n t l y  a v a i l a b l e  evidence 

regard ing  t h e  Jovian environment, toge ther  w i th  c u r r e n t  ideas  

about t h e  mode f o r  t h e  development of l i f e  on t h e  Ear th ,  j u s t i f y  

p lans  f o r  a b i o l o g i c a l  explorat ion of J u p i t e r .  

I I T  RESEARCH I N S T I T U T E  

22 



Report N o .  P-20 

"Suggested Measurement /Instrument Requir ement s 
f o r  Lunar Orb i t e r  Block 111" 

W. H. Scoggins and D. L. Roberts 

May 1967 

This r e p o r t  descr ibes  t y p i c a l  s c i e n t i f i c  measurement 

and instrument requirements f o r  Lunar Orb i t e r  Block I11 missions.  

These missions are planned f o r  t h e  per iod  beyond 1972.  The 

purpose of t h e  study has  been t o  organize information on re- 

mote sens ing  instrument requirements (excluding t h e  m e t r i c  

camera), as an inpu t  t o  a subsequent and independent Phase A 

study.  The m e t r i c  camera has been ind ica t ed  where r equ i r ed  i n  

t h i s  s tudy ,  bu t  t h e  s p e c i f i c a t i o n s  f o r  i t  have been undertaken 

by t h e  Langley Research Center.  

I n  conducting t h i s  s tudy,  i t  w a s  necessary t o  t a k e  a 

broad approach and t o  consider  f i r s t  what measurements, both 

o r b i t a l  and su r face ,  were necessary t o  completely answer t h e  

15  s c i e n t i f i c  ques t ions  about t he  moon, posed o r i g i n a l l y  by t h e  

Space Science Board (SSB 1965). This approach was taken a s  f a r  

as w a s  necessary t o  permit t h e  determinat ion of which measure- 

ments could be b e s t  made from a spacec ra f t  i n  lunar  o r b i t ,  and 

t h o s e  measurements b e s t  made on t h e  luna r  sur face .  Only t h e  

o r b i t a l  measurements w e r e  then considered f o r  determinat ion of 
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t h e  d e t a i l e d  instrument and measurement requirements.  Thus, t h e  

su r f  ace  instrument requirements f o r  lunar  explora t ion  spec i f  i- 

c a l l y  have been excluded from t h e  s tudy.  

For o r b i t a l  miss ions ,  a pre l iminary  assignment of s u i t -  

a b l e  types of instruments  was made from a l i s t  of remote-sensing 

ins t rumenta t ion  which had been generated from t h e  l i t e r a t u r e .  

The f i n a l  phase of t h e  study involved t h e  de r iva t ion  of a se t  

of suggested measurement and instrument s p e c i f i c a t i o n s  f o r  a l l  

of t h e  considered instruments .  

a t  each s t a g e  of t h e  s tudy has been t h a t  of consensus by a group 

of s c i e n t i s t s .  Clear ly  t h e  dec is ions  a r e  open t o  review and 

c r i t i c i s m  by t h e  s c i e n t i f i c  community. 

The dec is ion  process  u t i l i z e d  

A t o t a l  of  30 s c i e n t i f i c  ques t ions ,  der ived from t h e  

o r i g i n a l  15  SSB ques t ions ,  have been considered i n  t h i s  s tudy.  

Of t h e s e  30 ques t ions ,  o r b i t a l  mission measurements can c o n t r i -  

b u t e  t o  answering 22. However, only four  of t h e  22 o r b i t a l -  

r e l a t e d  ques t ions  could be  completely answered by da ta  taken 

from o r b i t a l  missions.  I n  making measurements from o r b i t  t h e r e  

are  s i x  b a s i c  types of measurement requirements which a r e  r e l a t e d  

t o  t h e  13 spacec ra f t  instruments suggested f o r  cons idera t ion  i n  

planning Lunar O r b i t e r  Block I11 missions.  These measurement 

requi rements ,  ins t ruments ,  and instrument  purposes,  are  shown 

i n  Table S1.  
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Table S 1  

MEASUREMENT / INSTRUMENTATION/PUKPOSE 
MLATIONSHIPS FOR LOB I11 

7 ---------.--D-------- 

Measurement LOB 111 
Requirements Instruments Instrument Purpose 

Geometric shape 1. Radar altimeter Spacec ra f t  a l t i t u d e  

Chemical e lemental  2.  X-ray spec. Elemental composition 
v a r i a t i o n  3 .  Sola r  X-ray S o l a r  X-ray monitoring 

monitor 
4. Vidicon Percentage shadowing 

camera ( i n  conjunct ion wi th  
X-ray spec trorne t e r )  

(Surface measurements a r e  a l s o  necessary.  ) 

Mate r i a l  d i s t r i -  2 , 3 3 4  Same a s  above 
bution7k 

imager 

trome ter 

5. Mu1 t i s p e c  t ra l  Rock u n i t  iden t i  f ica t ion  

6 .  Vis-W spec- Rock s i g n a t u r e s  

7.  I R  spectrometer Rock s i g n a t u r e s  
(Surface measurements are a l s o  necessary.  ) 

Act ive  volcanism 8. I R  radiometer Volcanic temperature 
(3 - 10i-L) d e t e c t i o n  

spectrum 
analyzer  

9. IR-Vis-W gas Volcanic gas a n a l y s i s  

Tectonic  processes* 10. I R  radiometer Thermal mapping 

(Surface measurements are a l s o  necessary.  ) 
(8-28p) 

Atmospheric gases  11. Quadrupole Gas a n a l y s i s  
mass 
spec trome ter  

s u r e  gauge 
1 2 .  Redhead p res -  Atmospheric p r e s s u r e  

*Metric camera (photographic mapping) i s  necessary.  
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Report No. P-21 

" S c i e n t i f i c  Object ives  f o r  Tota l  P l ane ta ry  Exploration" 

Astro Sciences Center 

May 1967 

This s tudy provides a method of order ing t h e  ob jec t ives  

of t o t a l  s o l a r  sys tem explora t ion  and of i n d i c a t i n g  t h e  r e l a t i v e  

importance of t h e  s o l a r  system targets  i n  answering t h e  objec- 

t i v e s .  

t o t a l  explora t ion  p r i o r i t y  system. 

It i s  presented  a s  a poss ib l e  way of a r r i v i n g  a t  a 

The o v e r a l l  goa ls  of space explora t ion  a s  s t a t e d  by 

t h e  Space  Science Board have been taken as t h e  s t a r t i n g  p o i n t .  

Each goa l  has been success ive ly  expanded i n t o  subgoals,  g ross  

c h a r a c t e r i s t i c s  of subgoals ,  s c i e n t i f i c  o b j e c t i v e s ,  and f i n a l l y  

measurable q u a n t i t i e s .  For each s c i e n t i f i c  o b j e c t i v e ,  and i t s  

r e l a t e d  measurable q u a n t i t i e s ,  t h e  importance of each s o l a r  

system t a r g e t  has been ind ica t ed  us ing  a 4 symbol r a t i n g  (I,II, 

II1,IV). These assignments a r e  made on t h e  b a s i s  of t h e  con- 

t r i b u t i o n  of t h e  t a r g e t  t o  t h e  o b j e c t i v e  and t h e  c o n t r i b u t i o n  

of t h e  o b j e c t i v e  t o  t h e  o v e r a l l  goa l s  of explora t ion .  

I t  has been demonstrated, by using a l o g i c a l  method i n  

expanding and expla in ing  t h e  goals  of exp lo ra t ion ,  t h a t  i t  i s  

p o s s i b l e  t o  assess t h e  s c i e n t i f i c  p r i o r i t i e s  f o r  t o t a l  s o l a r  

system explora t ion .  The p i l o t  s tudy r epor t ed  here  has ind ica t ed  
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t h e s e  p r i o r i t i e s  t o  a f i r s t  order.  Fur ther  refinements a r e  ob- 

v ious ly  needed both  i n  terms of a more r igo rous  d e f i n i t i o n  of 

o b j e c t i v e - t a r g e t  p r i o r i t i e s  and i n  t h e  summations which l e a d  t o  

t h e  o v e r a l l  ranking of t a r g e t s  and exp lo ra t ion  o b j e c t i v e s .  

The r e s u l t s  from t h i s  study i n d i c a t e  t h a t  t h e  s c i e n t i f i c  

explora t ion  of Mars, Venus, and J u p i t e r  a r e  about equal ly  impor- 

t a n t  and t h a t  they extend some way ahead of t h e  o the r  t a r g e t s .  

I n  terms of s c i e n t i f i c  ob jec t ives  t h e  exobiological  ones rank 

uniformly high. Although these  r e s u l t s  are  s u b j e c t i v e  i t  i s  

f e l t  t h a t  r e i t e r a t i o n s  and reappraisals of t h e  da t a  w i l l  not  

make a l a r g e  d i f f e r e n c e  i n  t h e  h ighes t  p r i o r i t y  t a r g e t s  or  ob- 

j e c t i v e s .  

ones. 

This would not  be expected t o  be t r u e  of lower ranked 
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Report No. S - 4  

"Thermophysical Aspects and F e a s i b i l i t y  of J u p i t e r  
Atmospheric Entry" 

J .  E.  G i l l i g a n  

June 1967 

The p r i n c i p a l  d i f f i c u l t y  i n  s u c c e s s f u l l y  pene t r a t ing  

t h e  upper atmospheres of t h e  outer  p l a n e t s  ar ise  from the char- 

a c t e r i s t i c a l l y  high e n t r y  v e l o c i t i e s .  A t  J u p i t e r ,  f o r  example, 

t h e  e n t r y  v e l o c i t y  would be  i n  t h e  range 48-60 km/sec. These 

v e l o c i t i e s ,  which are  seve ra l  t i m e s  l a r g e r  than  t y p i c a l  Ear th  

e n t r y  v e l o c i t i e s ,  imply a t  l e a s t  an order  of magnitude i n c r e a s e  

i n  hea t  t r a n s f e r  magnitudes over t hose  c u r r e n t l y  manageable i n  

Ea r th  and inne r  p l a n e t  e n t r i e s .  The ob jec t ives  of t h i s  s tudy 

thus  are  t o  determine t h e  thermodynamic f e a s i b i l i t y  of such 

e n t r i e s ,  and t o  d e l i n e a t e  t h e  major a s s o c i a t e d  t e c h n i c a l  prob- 

lem a r e a s .  The s tudy concludes t h a t  a surv iv ing  e n t r y  i n t o  

J u p i t e r ' s  lower atmosphere can be accomplished, but  i t  a l s o  

p o i n t s  out  t h a t  t h e r e  are  many major assumptions inhe ren t  i n  

t h i s  judgment. 

I n t e r e s t  i n  explor ing o u t e r  p l a n e t s  stems from s e v e r a l  

branches of sc ience ,  notably astronomy, t h e  geosciences,  and 

exobiology. 

d e t a i l e d  knowledge of what l i e s  below t h e  v i s i b l e  cloud decks. 

A l l  have ques t ions  which cannot be  answered without  
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Although i n t e r e s t  cen te r s  on J u p i t e r ,  t h e  g e n e r a l  ques t ions  are: 

what i s  t h e  composition and s t r u c t u r e  of t h e  atmosphere? I s  

t h e r e  a c l a s s i c a l  su r f ace  and where? I s  t h e  lower atmospheric 

environment b i o l o g i c a l l y  a c t i v e ,  p r e - b i o t i c  o r  s t e r i l e ?  A l s o ,  

p re sen t  views s t rong ly  contend t h a t  an understanding of Jup i -  

t e r ' s  massive i n t e r i o r  s t r u c t u r e  holds t h e  key t o  many funda- 

mental ques t ions  about t h e  o r i g i n  and evolu t ion  of t h e  s o l a r  

sys t em.  

Much of t h e  information sought cannot be  obtained unam- 

Spectroscopic and occul ta -  biguously using cu r ren t  techniques.  

t i o n  measurements from f lybys and o r b i t e r s  , and ground-based 

observa t ions  can y i e l d  information which i s  p e r t i n e n t  mainly t o  

t h e  atmospheres above t h e  clouds. And, un fo r tuna te ly ,  t hose  

techniques which do involve deep cloud pene t r a t ion  do not  g ive  

composition da ta .  An atmospheric probe o f f e r s  t h e  d i s t i n c t  ad- 

vantage of acqui r ing  composition, s t r u c t u r e ,  and o the r  d a t a  

which are c o r r e l a t a b l e  both s p a t i a l l y  and temporally.  

A concept of  successfu l  atmospheric pene t r a t ion  has been 

def ined  i n  terms of " su rv iva l  c r i t e r i a " ;  v i z ,  t h a t ,  a t  e n t r y  

i n t o  t h e  cloud t o p s ,  an e n t r y  probe r e t a i n  a t  least  10  percent  

of  i t s  i n i t i a l  m a s s  and t h a t  i t s  v e l o c i t y  be no more than 

1 km/sec. With t h e s e  c r i t e r i a  and under s t a t e d  assumptions, i t  

i s  shown t h a t  only graz ing  entry t r a j e c t o r i e s  a r e  f e a s i b l e .  

l i t  R E S E A R C H  I N S T I T U T E  

29 



However, because of t h e  conservatism used i n  t h e  heat  absorp- 

t i o n  es t imates ,  t h e  more ob jec t ive  conclusion i s  t h a t  i n  t h e  

context  of t h e  "surv iva l  c r i t e r i a "  grazing e n t r i e s  are  always 

super ior  t o  angle  o r  d i r e c t  e n t r i e s .  

The b a s i c  f e a s i b i l i t y  da ta  were obtained i n  an IBM 7094 

For t r an  11 computer program which calculates ins tan taneous  con- 

vec t ion  and r a d i a t i o n  hea t  absorpt ion r a t e s  a t  t h e  s t agna t ion  

po in t  and which i n t e g r a t e s  t hese  q u a n t i t i e s  over t h e  e n t r y  t r a -  

j e c t o r y .  Mass l o s s  estimates were der ived from t o t a l  hea t  ab- 

s o r p t i o n  estimates by assuming a cons tan t  heat  of a b l a t i o n  

(2500 cal /grams) .  A f r a c t i o n a l  a b l a t e d  m a s s  l o s s  w a s  then com- 

puted by comparing t h e  mass l o s t  by a b l a t i o n  wi th  t h e  o r i g i n a l  

v e h i c l e  m a s s ,  assuming a constant  b a l l i s t i c  c o e f f i c i e n t  during 

en t ry .  The f r a c t i o n a l  mass l o s s  and t h e  " terminal  ve loc i ty"  

( v e l o c i t y  a t  en t ry  i n t o  t h e  cloud t o p s ) ,  are  t h e  prime elements 

of t h e  s u r v i v a l  c r i t e r i a .  

I n  performing t h e  work r epor t ed  h e r e  w e  found t h e o r e t i -  

c a l ,  and e s p e c i a l l y  experimental ,  da t a  t o  be  inadequate  i n  

s e v e r a l  major a r e a s .  A s  a r e s u l t  i t  w a s  necessary not  only t o  

be  conse rva t ive  bu t  t o  be as concerned wi th  cons is tency  as wi th  

accuracy i n  t h e  thermodynamic performance es t imates .  The major 

t echno log ica l  problem a r e a s  which must be developed i n  support  

o f  d e t a i l e d  ou te r  p l a n e t  en t ry  s t u d i e s  a r e :  
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0 Plane tary  atmospheric composition and s t r u c t u r e ,  
e s p e c i a l l y  helium abundance 

0 Theore t i ca l  and experimental helium and hydrogen 
r a d i a t i v e  da ta  and l abora to ry  helium and hydrogen 
thermodynamic and t r anspor t  da ta  

0 Comprehensive hypersonic hea t  t r a n s f e r  p red ic t ion  
schemes ( f o r  radiation-dominated flow f i e l d s )  

0 Ablator m a t e r i a l s  performance. 

Some of t h e  more important i nd iv idua l  problems inc lude :  

Ablat ion induced changes i n  t h e  b a l l i s t i c  c o e f f i c i e n t  

In f luence  of a b l a t i o n  products on hea t  t r a n s f e r  

Ablation product r eac t ions  wi th  flow stream 

Helium- hydrogen r e a c t i o n s  

Ablator and a b l a t i o n  product r a d i a t i v e  p r o p e r t i e s  

Boundary l a y e r  gas i n j e c t i o n  b e n e f i t s  

Helium convect ive heat ing 

Def in i t i on  of f r e e  molecule and t r a n s i t i o n  regimes 

High ' g '  s t r u c t u r e s  and mechanical design 

Upstream r a d i a t i v e  hea t ing ,  and 

Optimum i n i t i a l  shape. 

Many important  non-thermodynamic cons ide ra t ions ,  such as com- 

municat ions,  t e rmina l  guidance, payload sc i ence ,  e t c . ,  are  

recognized but  have no t  been s p e c i f i c a l l y  included i n  t h i s  s tudy.  

I n  t h e  following f i g u r e  i s  shown t h e  f r a c t i o n a l  a b l a t e d  

m a s s  l o s s ,  Fm, and t h e  "terminal" v e l o c i t y ,  V t ,  a s  a func t ion  
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S T A N D A R D  ATKOSPH ERE 
DIRECT ENTRY 

INITIAL ALTITUDE = 250 KM 

-INDICATES THAT CO?RESPOI.IDING 
TERMINAL VELOCI7 YCE I KPA/SEC. 

__--INDICATES THAT CORRESPONDING 
TERMINAL VELOCITY21 KM/SEC 

6 ,  BALLISTIC COEFFICIENT ( M, / C D A )  gm/cm2 

FIGURE SI. S U R V I V A L  R E S U L T S  - F R A C T I O N A L  M A S S  LOSS 
DUE TO ABLATION VS. BALLISTIC FACTOR. 

I, ,, 
J L .  



of t h e  b a l l i s t i c  c o e f f i c i e n t ,  B y  f o r  J u p i t e r  en t ry .  The values  

of Fm g r e a t e r  than 1 . 0  a r e ,  of course,  un rea l .  From t h e s e  d a t a  

i t  i s  evident t h a t  d i r e c t  e n t r i e s  a r e  non-surviving - e i t h e r  

because of excessive mass l o s s  a t  low B values or  because of 

excessive terminal  v e l o c i t i e s  a t  higher  B values .  

t h e  s t rong  in f luence  of  t h e  high r o t a t i o n a l  speed of t h e  p l a n e t ,  

t h e  graz ing  e n t r i e s  surv ive  over a r a t h e r  wide range of b a l l i s t i c  

f a c t o r s .  Notably, t h e  grazing en t ry  r e s u l t s  do no t  depend 

s t r o n g l y  on atmospheric parameters,  nor on t h e  vacuum m i s s  d i s -  

t ance ,  hp. Also of i n t e r e s t  i s  t h e  f a c t  t h a t  a l though a decre- 

ment of 6 km/sec (by rocke t  braking) has a n o t i c e a b l e  e f f e c t  

on s u r v i v a b i l i t y ,  t h e  m a s s  pena l ty  incur red  i n  t h e  rocke t  case 

i s  s u b s t a n t i a l l y  g r e a t e r  than t h e  a b l a t e d  mass l o s s  f o r  t h e  

same decrement. 

Re f l ec t ing  

I I T  RESEARCH I N S T I T U T E  

33 



Report No. T-18  

"The Accessible  Regions P resen ta t ion  of Gravity- 
Ass is ted  T r a j e c t o r i e s  Using Jup i t e r "  

D. A .  Klopp and J .  Niehoff 

June 1967 

The explora t ion  c a p a b i l i t i e s  of a given spacec ra f t -  

launch veh ic l e  combination a r e  g r e a t l y  increased  by a J u p i t e r  

g r a v i t y - a s s i s t  (swingby) maneuver. Many reg ions  of t h e  s o l a r  

system, which are i n a c c e s s i b l e  i n  t h e  d i r e c t  b a l l i s t i c  f l i g h t  

mode, can be reached by spacec ra f t  using J u p i t e r  grav i ry-  

a s s i s t e d  t r a j e c t o r i e s .  For example, t h i s  technique p e r m i t s  a 

s p a c e c r a f t ,  launched wi th  an energy j u s t  s u f f i c i e n t  t o  r each  

J u p i t e r ,  t o  explore  reg ions  of t h e  s o l a r  system f a r  beyond t h e  

o r b i t  of P lu to  and t o  climb as high a s  f i v e  astronomical u n i t s  

(AU) ou t  of t h e  e c l i p t i c  plane.  Greater  he igh t s  can b e  a t t a i n e d  

wi th  only  s l i g h t l y  l a r g e r  launch energ ies ,  

achieved f a r  more r e a d i l y  than i n  t h e  d i r e c t  b a l l i s t i c  f l i g h t  

Solar  impact can be 

mode. 

The s tudy r e s u l t s  are presented as contours ( reg ions)  

of a c c e s s i b i l i t y  on a l a t i t u d e - r a d i u s  (P,) p l ane  normal t o  t h e  

e c l i p t i c  p lane  f o r  cons tan t  i d e a l  v e l o c i t i e s  (launch ene rg ie s ) .  

Each contour envelops t h e  l a t i t u d e - r a d i u s  space t r ave r sed  by 

a l l  t h e  cons tan t  i d e a l  ve loc i ty  t r a j e c t o r i e s  passing c l o s e  t o  
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J u p i t e r .  The i d e a l  v e l o c i t y  i s  t h e  t o t a l  v e l o c i t y  increment 

given t o  a spacec ra f t  launched from Ear th .  The summary f i g u r e  

shows contours on t h e  PN p lane  f o r  i d e a l  v e l o c i t i e s  of 50,220, 

52,500, 55,000, 60,000, and 65,000 f e e t  per  second. These 

contours are  symmetrical about t h e  e c l i p t i c  p lane  and t h e r e f o r e  

only t h e  upper h a l f  of t h e  contour i s  shown. These contours 

show, f o r  example, t h a t  t h e  e n t i r e  s o l a r  system (except f o r  a 

s m a l l  volume more than 10 AU above and below t h e  Sun) can be 

explored by spacec ra f t  having i d e a l  v e l o c i t i e s  of 65,000 f e e t  

per  second. 

Grav i ty -a s s i s t ed  i d e a l  v e l o c i t y  contours ,  w i th  maximum 

time of f l i g h t  a s  a parameter. a r e  compared wi th  analogous con- 

t o u r s  based on d i r e c t  b a l l i s t i c  f l i g h t  t r a j e c t o r i e s .  An i n t e r -  

e s t i n g  comparison of reg ions  a c c e s s i b l e  wi th  b a l l i s t i c ,  J u p i t e r  

g r a v i t y - a s s i s t e d  and nuc lear  e l e c t r i c  low t h r u s t  f l i g h t  modes 

i s  a l s o  given i n  t h e  t e x t .  Addit ional  study of Venus and Mars 

g r a v i t y - a s s i s t e d  t r a j e c t o r i e s  using t h e  a c c e s s i b l e  reg ions  

method of a n a l y s i s  i s  recommended. 
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Report No. T-19 

"On t h e  Problem of Comet Orbi t  Determination 
f o r  Spacecraf t  I n t e r c e p t  M i  s s ions" 

A. L.  Fr ied lander  

May 1967 

The s c i e n t i f i c  explora t ion  of comets by means of space- 

c r a f t  i n t e r c e p t  missions p r e s e n t s  problems i n  seve ra l  important 

t e c h n i c a l  a r e a s .  

mission i s  t h e  magnitude of t h e  u n c e r t a i n t y  o r  e r r o r  i n  our 

p re sen t  knowledge of  t h e  o r b i t a l  motion of many p e r i o d i c  comets 

of i n t e r e s t .  This unce r t a in ty  i s  a major determinant of how 

a c c u r a t e l y  a spacec ra f t  may be  guided t o  i n t e r c e p t  a comet. 

I n  order  t o  ob ta in  t h e  b e s t  viewing condi t ions  of a comet's 

nucleus , t h e  " m i s s  d is tance" between t h e  spacec ra f t  and comet 

should be  about 1000 km, and no g r e a t e r  than 10,000 km. This 

requirement i s  s e v e r a l  o rders  of magnitude smaller than t h e  

One of t h e  key problems i n  planning such a 

e r r o r s  a s soc ia t ed  wi th  comet p o s i t i o n  ephemerides (p red ic t ion  

based on p a s t  observa t ions) .  

This r e p o r t  d i scusses  t h e  f a c t o r s  which c o n t r i b u t e  t o  

t h e  inaccuracy of comet o r b i t  determinat ion and p r e d i c t i o n ,  

p re sen t ing  i l l u s t r a t i v e  numerical r e s u l t s  f o r  t h e  two short  

p e r i o d  comets, Encke and D' Arrest. The main con t r ibu t ing  f a c t o r s  

are  (1) t h e  r e s t r i c t e d  a r c  of t h e  t o t a l  o r b i t  over which a 
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comet can be observed from Earth,  ( 2 )  t h e  r e l a t i v e  inaccuracy 

i n  measuring r i g h t  ascension and d e c l i n a t i o n ,  p o s s i b l y  includ-  

ing  l a r g e  sys temat ic  e r r o r s ,  (3)  t h e  s e n s i t i v i t y  due t o  plane-  

t a r y  p e r t u r b a t i o n s ,  (4) t h e  p o s s i b i l i t y  of i l l - d e f i n e d  non- 

g r a v i t a t i o n  fo rces  or  s e c u l a r  acce le ra t ions  a c t i n g  on t h e  comet, 

and (5) computational e r r o r s  of numerical i n t e g r a t i o n .  Gener- 

a l l y ,  i t  i s  shown t h a t  m i s s  d i s tances  under 10,000 km cannot 

be achieved un le s s  t h e  comets a r e  observed during t h e  year i n  

which t h e  spacec ra f t  i s  launched. 

The numerical a n a l y s i s  i s  f a c i l i t a t e d  by t h e  COMET 

ORBIT DETERMINATION PROGRAM which has been developed f o r  u se  

on t h e  IBM 7094 computer. The computer program i s  designed t o  

i n t e g r a t e  t h e  o r b i t  of a comet under t h e  combined g r a v i t a t i o n a l  

i n f l u e n c e  of t h e  Sun and p l ane t s  and o ther  non-g rav i t a t iona l  

f o r c e s ,  and t o  process  e i t h e r  a c t u a l  o r  s imulated comet obser-  

va t ions  i n  order  t o  determine t h e  most probable  estimate of 

t h e  comet 's  p a s t  o r  f u t u r e  motion. Also computed i s  a measure 

of t h e  o r b i t  determinat ion unce r t a in ty  and t h e  r e s u l t a n t  m i s s  

d i s t a n c e  f o r  f u t u r e  missions of i n t e r e s t .  

I n  t h e  case  of comets Encke and D ' A r r e s t ,  t h e  mission 

examples chosen a r e  i n  1974 and 1976 ,  r e s p e c t i v e l y .  Pas t  ob- 

s e r v a t i o n s  of comet Encke a r e  obtained and processed f o r  seven 

appearances over t h e  per iod  1931-1961, and f o r  comet D ' A r r e s t ,  
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four  appearances over t h e  period 1910-1950. The b e s t  r e s u l t s  

of t h e  d a t a  f i t t i n g  process  for  each of t h e s e  comets are  ob- 

t a ined  f o r  t h e  l a s t  s eve ra l  appearances i n  t h e  above ser ies .  

The b e s t  e s t ima te  of Encke's o r b i t  and i t s  s t a t i s t i c a l  

u n c e r t a i n t y  obtained f o r  t h e  data  f i t  of t h e  1947, 1957, and 

1 9 6 1  a p p a r i t i o n s  i s  ex t rapola ted  t o  t h e  1974 a p p a r i t i o n  and 

mission of i n t e r e s t .  Summary Table I l i s t s  t h e  est imated 

values  of m i s s  d i s t a n c e  due t o  t h e  ephemeris e r r o r  of Encke. 

With a p r i o r i  information from t h e  previous a p p a r i t i o n s ,  t h e  

m i s s  d i s t a n c e  i s  a s  l a r g e  as 70,000 km i f  no new observa t ions  

CI 

are made i n  t h e  year of launch. An observat ion schedule begin- 

ning a t  recovery of t h e  comet and ending one week be fo re  launch 

w i l l  reduce t h e  m i s s  t o  7,000 km. Fur ther  observat ions beyond 

t h e  launch d a t a  a c t  t o  reduce t h e  m i s s ,  slowly a t  f i r s t ,  and 

then r a p i d l y  as t h e  observat ion geometry improves wi th  t h e  de- 

c reas ing  d i s t a n c e  between Earth and Encke. To achieve a d e s i r -  

a b l e  m i s s  d i s t a n c e  of under 1,000 km, t h e  observat ion schedule 

must extend t o  t h e  l a t e r  por t ion  of t h e  f l i g h t  - wi th in  20 days 

of encounter.  This implies  a l a t e  midcourse c o r r e c t i o n ,  but  

only about 4 m/sec. 

For comparison purposes, Summary Table I a l s o  inc ludes  

t h e  es t imated  m i s s  d i s t a n c e  when no a p r i o r i  information i s  

assumed. This would correspond t o  a worst-case s i t u a t i o n  
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Summary Table I 

ESTIMATED MISS DISTANCE FOR 1974 

MISSION TO COMET ENCKE 

Recovery, TL - 160d 

Observation Error, 2 Sec Arc 

A Priori Data, Orbit Determination from Observations 

Launch Date TL, 1974 February 7 

Encounter, TL + 110 d 

Observations at 8 Day Intervals Beginning at Recovery 

I in 1 9 4 7 ,  1 9 5 7 ,  1 9 6 1  Appearances 
1 

Number of Observations M ~ S S  Oiscance ( i o j  

A Priori Data No A Priori 
, 

None in Year of Launch 70 ,000  km 00 

7 , 0 0 0  1 7 , 0 0 0  

6,500 14  000 

d 1 9 ,  Ending TL - 8 
d 21, Ending TL + 8 

28, Ending TL + 64  

31, Ending TL + 90 

32, Ending TL + 98 

, 
I 

3,200 10,000 d 

d 

d 
1,000 4 000 

500 2,000 
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wherein no confidence i s  given t o  a previous o r b i t  determina- 

t i o n .  Although i t  i s  u n l i k e l y  t h a t  a mission would ever be 

planned under such adverse condi t ions  (recovery of t h e  comet 

could no t  b e  a s su red ) ,  t h e  r e s u l t s  a r e  u s e f u l  i n  p lac ing  an 

upper bound on t h e  o r b i t  determination problem. 

Summary Table I1 presen t s  s i m i l a r  r e s u l t s  f o r  a 1976 

mission t o  comet D ' A r r e s t .  The i n i t i a l  m i s s  d i s t a n c e  e s t ima te  

of 108,000 km i s  based on t h e  observa t iona l  d a t a  f i t  of t h e  

1943 and 1950 appearances. However, t h i s  r e s u l t  may be too  

o p t i m i s t i c  s i n c e  t h e  1943-50 o r b i t  could n o t  be accu ra t e ly  

l i n k e d  wi th  t h e  observat ions taken i n  ear l ier  appearances. I n  

Rny p v p n t ,  t h e  R n R l  ys i  s shnws t h a t  observa t ion  of D '  Arrest 

taken i n  t h e  year of launch would be  very e f f e c t i v e  i n  reducing 

t h e  m i s s  d i s t a n c e  u n c e r t a i n t y .  Even i n  t h e  worst  case  of no 

a p r i o r i  information (assuming t h a t  t h e  comet can be  recovered) ,  

a 1000 km m i s s  d i s t a n c e  i s  s t i l l  a t t a i n a b l e  but  r e q u i r e s  a A V  

-- 

c o r r e c t i o n  of about 40 m/sec made 14  days be fo re  encounter.  

This r e p o r t  recommends t h a t  f u r t h e r  a t t e n t i o n  should be  

given t o  t h e  o r b i t  determinat ion of each of t h e s e  comets, espec- 

i a l l y  comet D ' A r r e s t .  The p resen t  a n a l y s i s  can be updated wi th  

l a t e r  obse rva t iona l  da t a  which were no t  a v a i l a b l e  a t  t h e  t i m e  

t h i s  a n a l y s i s  w a s  performed. I n  a d d i t i o n ,  an e f f o r t  should b e  

made t o  improve t h e  ephemerides of o the r  comets which a r e  of 
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Summary Table 11 

ESTIMATED MISS DISTANCE FOR 1976 
MISSION TO COMZT D'ARREST 

Encounter, TL + 130 
d Recovery, TL - 100 

OSservation E r r o r ,  2 Sec Arc 

Launch Date TL, 1976 A p r i l  2 1  
d 

Observations a t  8 Day I n t e r v a l s  Beginning a t  Recovery 

A P r i o r i  Data, Orb i t  Determination from Observations 
i n  1943, 1950 Appearances 

Number of  Observations Miss Distance ( l u )  

A P r i o r i  Data No A P r i o r i  

None i n  Year of Launch 108,000 km cn 

11, Ending TL - 1 2  d 4,500 125,000 
14,  Ending TL + 12 d 3,300 46,000 
18, Epding TL + 44d 1,900 14,000 

1,000 4,300 2 2 ,  Ending TL + 76 d 

27, E n d i n g  TL + 116d 480 1,  @OO 
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I i n t e r e s t  f o r  f u t u r e  explora tory  space missions.  This a p p l i e s  

I p a r t i c u l a r l y  t o  comets which do not  have e x c e l l e n t  observa t iona l  

I geometries i n  t h e  year of launch a s  do comets Encke and D ' A r r e s t .  

I Such an e f f o r t  w i l l  r e s u l t  i n  the  increased  p r o b a b i l i t y  of 

recovering t h e  comet during t h e  year of spacec ra f t  launch and 

tend t o  reduce t h e  AV requirement of l a t e  t r a j e c t o r y  co r rec t ions .  
~ 
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2 . 2  Technic a 1  Memoranda 

Technical Memorandum No. P-15 

"Analyt ical  Techniques f o r  t h e  I n v e s t i g a t i o n  of 
D i s t r i b u t i o n a l  Features  of t h e  Asteroids' '  

J. Ash 

January 1967 

Examination of t h e  present  understanding of a s t e r o i d a l  

d i s t r i b u t i o n s  l eads  t o  t h e  conclusion t h a t  t h e  motions of t h e  

a s t e r o i d s  a r e  not  y e t  very wel l  understood. 

based upon t h e  examination of observa t iona l  da t a  are  p r e s e n t l y  

a t  a rudimentary s t a g e  due p r i n c i p a l l y  t o  t h e  l i m i t e d  number 

S t a t i s t i c a l  ana lyses  

of a s t e r o i d s  t h a t  a r e  l a r g e  enough t o  be observed from t h e  

Ea r th ,  Mathematical and mechanical ana lyses  have p e t  t o  pro- 

v ide  d e f i n i t i v e  s o l u t i o n s  which a r e  v a l i d  over a long enough 

t i m e  per iod ,  and i t  i s  p o s s i b l e  t h a t  c e r t a i n  dynamical problems 

may never be  reso lved .  

A previous A S C / I I T R I  report;? has reviewed genera l  

methods of a n a l y s i s  f o r  t h e  i n t e r p r e t a t i o n  of a s t e r o i d  observa- 

t i o n a l  d a t a  and t h e i r  s i g n i f i c a n c e ,  and has suggested f u r t h e r  

obse rva t ions ,  from t h e  Ear th  and from s p a c e c r a f t ,  which could 

support  and extend e x i s t i n g  t h e o r e t i c a l  ana lyses .  The purpose 

of t h i s  r e p o r t  i s  t o  review i n  more d e t a i l  t h e  t h e o r e t i c a l  

;?Analytical Methods and Observational Requirements f o r  I n t e r -  
p r e t a t i o n  of As tero id  D i s t r i b u t i o n s ,  A S C / I I T R I  Report P-14. 
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approaches which have been used t o  determine t h e  d i s t r i b u t i o n a l  

f e a t u r e s  of t h e  a s t e r o i d s  and from which t h e  suggested obser- 

va t ions  w e r e  der ived.  An attempt i s  made t o  d iscuss  c r i t i c a l l y  

t h e  most s i g n i f i c a n t  ana lyses  of a s t e r o i d a l  d i s t r i b u t i o n s .  The 

l i m i t a t i o n s  of t h e  methods a r e  d iscussed ,  and a new approach 

t o  t h e  problem of d i s t ingu i sh ing  a s t e r o i d  f a m i l i e s  and es t imat ing  

ages i s  formulated based upon t h e  techniques of ergodic  theory.  

S t a t i s t i c a l  analyses  seek c o l l e c t i v e  p r o p e r t i e s  of 

a s t e r o i d s  by means of empirical  and h e u r i s t i c  d i s t r i b u t i o n  

hypotheses. The r e c e n t  work of Jaschek and Jaschek and of 

Anders re l ies  on t h e  ex tens ive  survey observat ions of t h e  re la-  

t i v e l y  l a r g e  a s t e r o i d s  obtained i n  1958 by Kuiper and h i s  co- 

workers. Estimates of t h e  c o l l i s i o n  and d i spe r s ion  h a l f - l i v e s  

between 5 x l o 6  and 6 x l o 9  years have been c a l c u l a t e d  f o r  

f a m i l i e s  of a s t e r o i d s .  

_ -  

The ana lyses  based on c l a s s i c a l  c e l e s t i a l  mechanics 

r e l y  heavi ly  on pe r tu rba t ion  theory,  which has major l i m i t a t i o n s .  

I n  p a r t i c u l a r ,  i t  i s  we l l  recognized t h a t  even f o r  only t h r e e  

bodies ,  t h e r e  i s  no complete a n a l y t i c  s o l u t i o n  which desc r ibes  

t h e  behavior of t h e  motions over s u f f i c i e n t l y  long per iods  of 

t i m e .  However, much u s e f u l  information can be der ived from t h e  

equat ions  of c l a s s i c a l  c e l e s t i a l  mechanics without  a c t u a l l y  

ob ta in ing  complete s o l u t i o n s  t o  t h e  equat ions.  I n  p a r t i c u l a r ,  
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t h e  Hirayama fami l i e s  and t h e  Kirkwood gaps have been der ived  

and are a t  l e a s t  p a r t i a l l y  understood. This understanding should 

b e  enhanced i f  computations can be  extended t o  inc lude  higher-  

order  t e r m s  and i f  more s u i t a b l e  canonical  t ransformations can 

be  found. Re-examination and extension of t h e  higher-order  

t e r m s  of t h e  d is turbance  func t ion  may p e r m i t  computations v a l i d  

s u f f i c i e n t l y  f a r  back i n  t i m e  t o  determine c o l l i s i o n a l  o r i g i n s .  

The method suggested i n  t h i s  r e p o r t  f o r  t h e  computation 

of expected l i f e t i m e s  of a s t e r o i d  fragments i s  based on t h e  use  

of ergodic  theory.  The computations remain t o  be done. I f  

s u c c e s s f u l ,  then from a number-frequency p l o t  of t h e  a s t e r o i d s  

versus  l i f e t i m e s ,  t h e  c l u s t e r i n g  of a s t e r o i d s  a t  d i s t i n c t  p o i n t s  

w i l l  provide a c r i t e r i o n  f o r  d i s t i ngu i sh ing  groups wi th  prob- 

a b l e  common o r i g i n s .  I n  a d d i t i o n  t o  providing a b a s i s  f o r  t h e  

formation of dynamically s i g n i f i c a n t  groups, t h i s  method could 

y i e l d  a d i r e c t  e s t ima te  of t h e  group age. 

The o v e r a l l  conclusion concerning t h i s  study of a s t e r o i d a l  

d i s t r i b u t i o n s  i s  t h a t  more ana lys i s  i s  r equ i r ed .  The most 

promising sources  of ga in ing  deeper understanding a r e  t o  be 

found i n  t h e  a p p l i c a t i o n  of modern mathematical methods. 

I I T  R E S E A R C H  I N S T I T U T E  

46 



Technical Memorandum No. P-17 

"A Geological Analysis f o r  Lunar Exploration" 

W .  Scoggins 

August 1966 

This r e p o r t  p re sen t s  a pre l iminary  a n a l y s i s  of t h e  

lunar  explora t ion  program. The primary purpose of t h i s  s tudy 

was t o  analyze t h e  var ious s c i e n t i f i c  a spec t s  of lunar  explora- 

t i o n  i n  an e f f o r t  t o  determine a reasonable  planning approach 

f o r  missions t o  i n v e s t i g a t e  lunar  su r face  f e a t u r e s  and processes  

by both  geologica l  and geophysical techniques.  

The s c i e n t i f i c  ob jec t ives  and ques t ions  recommended by 

the S F a r p .  S c i e n c e  Board (1965)+~ w e r e  taken as a s t a r t i n g  p o i n t .  

The major o b j e c t i v e s  i n  t h e  explora t ion  of t h e  moon a s  presented 

by t h e  Space Science Board a r e  t o  determine: 

1. The s t r u c t u r e  and processes  of t h e  lunar  i n t e r i o r ,  

2 .  The composition, s t r u c t u r e ,  and processes  of t h e  
luna r  s u r f a c e ,  and 

3 .  The h i s t o r y  of t he  moon. 

The d e t a i l e d  ques t ions  (subdivided and i n  some cases  rephrased) 

a r e  given i n  Table S-1 .  

Lunar char a c  t er i s t i c  s r e l  evant t o  t hes e s c i  en t i f  i c  

ques t ions  w e r e  considered t o  determine t h e  ex ten t  of 

~~~ ~ ~~ ~~~~ ~ 

;'Space Science Board, Space Research, 1965,  Woods Hole, Mass. 
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Table S-1 

SCIENTIFIC QUESTIONS FOR LUNAR EXPLORATION 

1. Is the internal structure of the moon radially 
symmetrical like that of the Earth? If so, is it 
differentiated? Specifically, does it have a core 
and does it have a crust? 

2.  What is the present internal energy pattern of the 
moon? What is the present heat flow at the lunar 
surface? What are the sources of this heat? 

3 .  Does the moon have an internally produced magnetic 
field? 

4 .  What is the geometric shape of the moon? How does 
the shape depart from fluid equilibrium? 

5. What is the average composition of the rocks at the 
surface of the moon? How does the composition vary 
f r m  place to place? 

Are volcanic rocks present on the surface of the moon? 

What is the range of  age of the stratigraphic units 
on the lunar surface? What is the age of the oldest 
exposed material? Is a primordial surface exposed? 

8. Is there a fundamental difference in morphology and 

6 .  

7 .  

history between the sub-Earth and averted faces of 
the moon? 

9. What is the present tectonic pattern on the moon? 
What is the distribution of tectonic activity? 
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Table S-1 (Cont’d) 

10. Is t h e  moon se i smica l ly  a c t i v e ?  Is  t h e r e  a c t i v e  
volcanism? 

11. What a r e  t h e  dominant processes of e ros ion ,  t r a n s p o r t ,  
and depos i t i on  of m a t e r i a l  on t h e  lunar  su r face?  

1 2 .  What v o l a t i l e  substances a r e  p re sen t  on o r  near  t h e  
s u r f a c e  of t h e  moon o r  i n  a t r a n s i t o r y  luna r  atmos- 
phere? 

What a r e  t h e  p r i n c i p a l  processes respons ib le  f o r  t h e  
p re sen t  r e l i e f  on t h e  lunar  su r face?  

1 3 .  

14. What has been the  d i s t r i b u t i o n  of t e c t o n i c  and poss ib l e  
vo lcan ic  a c t i v i t y  i n  t i m e .  

15. What has been tne Flux UI su’lld o b j z z t s  ~ t r i k i f i m  0 +he 

l u n a r  su r face  i n  t h e  p a s t ?  How has it v a r i e d  wi th  time? 

16 .  What has been t h e  f l u x  of  cosmic r a d i a t i o n  and high- 
energy s o l a r  r a d i a t i o n  over t h e  h i s t o r y  of t h e  moon? 

1 7 .  What i s  t h e  age of t h e  moon? 

18. What i s  t h e  h i s t o r y  of  dynamical i n t e r a c t i o n  between 
t h e  Ear th  and t h e  moon? 

1 9 .  What i s  t h e  thermal h i s t o r y  of t h e  moon? 

20.  What p a s t  magnetic f i e l d s  can be recorded i n  the  rocks 
a t  t h e  moon’s su r face?  
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explora t ion .  Each type  of c h a r a c t e r i s t i c  i s  discussed i n  t e r m s  

of cu r ren t  l una r  t h e o r i e s  and of  i t s  s i g n i f i c a n c e  i n  lunar  ex- 

p l o r a t i o n .  

experimental techniques t o  answer or  p a r t i a l l y  answer one o r  

more of t h e  ques t ions  have been i d e n t i f i e d  f o r  each charac te r -  

i s t i c  considered. Table s-2 summarizes t h e  c h a r a c t e r i s t i c s ,  

parameters ,  techniques,  and quest ions answered. 

The parameters t o  be  measured and t h e  appropr i a t e  

An a n a l y s i s  of t h e  suggested techniques wi th  r e s p e c t  

t o  t h e  number of s c i e n t i f i c  quest ions answered by each can b e  

i n t e r p r e t e d  as r e l a t i v e  importance o r  p r i o r i t y .  Sample r e t u r n  

provides  information f o r  eleven ques t ions  and i s  ranked f i r s t .  

Medium and high r e s o l u t i o n  i n  a combined measurement y i e l d  da t a  

f o r  e i g h t  ques t ions  as does geologica l  mapping. The techniques 

ranked i n  order  of p r i o r i t y  a r e  given i n  Table S-3. 

This  p r i o r i t y  l i s t  toge ther  w i th  information on t h e  

weight ,  power, volume, etc.  of t h e  experiments has been used 

t o  evolve a hypo the t i ca l  mission p l an  f o r  l una r  explora t ion .  

The p l a n ,  which i s  no t  t r e a t e d  i n  t h i s  r e p o r t ,  w a s  submitted 

t o  NASA as a memorandum and i n d i c a t e s  t h e  u t i l i t y  of t h i s  

approach. An extension of t h e  method t o  inc lude  rank order ing  

of t h e  s c i e n t i f i c  ques t ions ,  t h e  e f f e c t  of complementary 

experiments and o the r  f a c t o r s  could provide a sound b a s i s  f o r  

planning luna r  explora t ion .  
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T a b l e  S - 3  

Qucs t i o i i s  
Appl  i c  a hle Tec k i n  i q  u e s C o m e n  t s 

I_ -I__ 
I_ - -_ r _ _  --=.- -_ _.-I__ -- -------- 
1. Sample r e t u r n  

Pe t r o  . analps i s  5,  G ,  13,9,21 100 meter d r i , l l  & 
Chcm. a n a l y s i s  5-t-, l G - t - ,  21-t- s u r f  ac e treve r s e 
Rad.ioactj.vc anal .  7+, 15,16,17+, 

1 9 , 2 0  
Mag e a n a l y s i s  2O-t, 18 

2. P ho tograpliy 

3 .  Sur f .  geo,  mapping 
( r eg iona l  ) 
(local.)  6,7 ,8 ,L3 ,14+,  S h o r t  t r a v e r s e  

5 ,7 ,8 ,13+,  17,19 Long t r a v e r s e  requi red  

15-4, 194- r equ i r ed  

4 .  IK mapping 2 ,  5, 0’-, 9, 1-9 25% su r face  coverage 

5. P a s s i v e  seismic 1+, 2,9,10+ Long term measureirer!t-s- 
s t a y  behind q u i -  9111e1.> f 

6 .  Active scismic 1,13,14 Traverse & shock gcn- 
era  t i o n  reqqi red  

7 .  Mag. measuremen~s 1 , 3 + ,  13,20 25% s u r f a c e  coverage 

8. Radar 8,9,18 25% s u r f a c e  coverage 

9 .  Gravi  tiy g r a d i e n t  1,14,18 25% s u r f a c e  coverage 
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‘rc?l.de S-3  ( c o d  d )  

10 .  M i  cro~ave in22pping 

11. S o l a r  plasma 

12.  A 1  time t c r  yrof i1 .e  

1 3 .  Micrometeorite f1 ux 

14 ,  S a t e l l i t e  t r a c k i n g  

15. p - s T v 7 i t x . r  /< .>*-c-r .n\  

16 .  Heat f low 

1 7 .  T i d a l  g r a v i t y  

J ,“ULLUL.L, 

18. Radioact ive mcas. 

19.  Thermal f1uct.uatiion 

20. Atomic & m o l .  gas 

3,11,16 Long t e r m  mt?asurernei) t s  -. 
s t.ay b e h i n d  equipment 

4-t, 18-t- 25% surface coverage 

1 1-i-, 1 5  

4 ,18  

1 1’1 
L ,  L J  

2+ 

18 

2 

11 

1 2  

.Possibly need d r i l . 1  ho le  

Long term measureraents - 
s t a y  b e h i n d  equipiiienL 

Shor t  t r a v e r s e  61 d r i l l  
ho le  reqni red  

Long term measuremcnts- 
s t a y  behind equ ipmen t  

Long term measuremcn ts  - 
s t a y  behj.nd ecluiprnent- 

I.----..^--.- I ..-------------_-.-_- * _-__ - .___-_ __-- --______ __ 
3- 7’hesr:  i n d i c a t e  fil-st- p r i o r i t y .  f o r  answer ing  questions 
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Technical Memorandum No. S-5  

I 

"Low-Thrust and B a l l i s t i c  Payload Comparison 
f o r  J u p i t e r  Orb i t e r  Missions" 

D. Hea ly  and D. L .  Roberts 

May 1967 

The purpose of t h i s  study has been t o  compare t h e  mission 

e f f e c t i v e n e s s  of a nuc lear  e l e c t r i c  o r b i t e r  a t  J u p i t e r  w i th  a 

b a l l i s t i c  Voyager type  o r b i t e r .  

t h e r e  does no t  appear t o  be a need f o r  a payload g r e a t l y  i n  ex- 

cess  of t h e  Voyager type c a p a b i l i t y  f o r  e a r l y  J u p i t e r  o r b i t e r  

missions.  Furthermore, no genera l  c r i t e r i a  which could be  used 

t o  compare low t h r u s t  and b a l l i s t i c  payloads became apparent .  

However, t h e s e  conclusions should be  q u a l i f i e d  i n  t e r m s  of t h e  

s tudy c o n s t r a i n t s  . 

I t  has been concluded t h a t  

The p resen t  l i m i t e d  knowledge of J u p i t e r  severe ly  re- 

s t r i c t s  t h e  L - I u I ~ U ~ L  of advanced o r  s o p h i s t i c a t e d  o r b i t a l  exper i -  

ments t h a t  can be  envisioned. Ce r t a in ly  many measurements w i l l  

b e  r e q u i r e d  i n  t h e  atmosphere and on t h e  Jovian su r face ,  bu t  

from o r b i t  t h e  major e a r l y  requirement i s  f o r  "wide band" ex- 

p l o r a t o r y  measurements. It  may t h e r e f o r e  be t h a t  t h e  J u p i t e r  

o r b i t e r  mission has l i t t l e  growth p o t e n t i a l  ( i n  t h e  context  of 

t h r u s t e d  missions)  beyond a Voyager type  mission un le s s  atmos- 

ph+;:?t robes o r  l ande r s  are included. Only unmanned missions 
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have been considered i n  t h i s  b r i e f  study. 

n~ .c  Lt . . i r  . ? ' . x t r i c  low t h r u s t  spacec ra f t  f o r  manned missions has 

not  been considered. 

The usefu lness  of 

Thus from a s c i e n t i f i c  a s p e c t ,  i t  appears t h a t  t h e  power 

and weight requirements of J u p i t e r  o r b i t e r  missions do no t  i n -  

d i c a t e  a need f o r  a nuclear  e l e c t r i c  low t h r u s t  system. 

mission t h a t  taxes  t h e  b a l l i s t i c  c a p a b i l i t y  f a r  more would be 

more appropr i a t e .  

r e t u r n  mission are  suggested.  

A 

A J u p i t e r  lander  o r  even a J u p i t e r  sample  
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3, TECHNICAL NOTES 

3 . 1  Prospectus 67 

Considerable a s s i s t a n c e  has been provided t o  NASA i n  

t h e  p repa ra t ion  of t h e  OSSA Lunar and Plane tary  Programs 

Prospectus f o r  1967.  This  year a computer program has been 

w r i t t e n  t o  ease  some of t h e  m o r e  t ed ious  opera t ions  i n  manipu- 

l a t i n g  a l l  t h e  d a t a  i n t o  a t o t a l  explora t ion  p lan .  

Cont r ibu t ions  were made i n  t h e  d e f i n i t i o n s  of t h e  sc i en -  

t i f i c  o b j e c t i v e s ,  t h e  communications requirements,  t h e  payload 

weight compilat ions,  t h e  genera t ion  of mission f l i g h t  param- 

e t e r s ,  t h e  c a l c u l a t i o n  of o r b i t a l  parameters a t  t h e  t a r g e t ,  and 

t h e  r a t i o n a l e  f o r  mission requirements.  The n a t u r e  of t h e  

e f f o r t  r equ i r ed  a quick response i n  t h e  s o l u t i o n  of a l l  prob- 

lems which a r o s e  throughout t h e  formulation of t h e  mission p lans .  

A series of mission d e f i n i t i o n s  w e r e  compiled and each was 

supported by a ser ies  of mission f a c t  shee t s .  

3 .2  Operat ional  Computer Codes 

The following a r e  t h e  main computer codes which have 

been added t o  t h e  Astro Sciences Cen te r ' s  program inventory 

during t h e  l a s t  y e a r .  Most of t h e s e  codes a r e  considerably 

more complex and s o p h i s t i c a t e d  than  codes added t o  t h e  inven- 

t o r y  i n  previous years .  
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3 . 2 . 1  SPARC 

The JPL general  conic  s e c t i o n  SPARC has been 

added t o  t h e  ASC program l i b r a r y .  

s t a y  of our b a l l i s t i c  and b a l l i s t i c  g r a v i t y  a s s i s t  t r a j e c t o r y  

c a l c u l a t i o n s .  I n  p a r t i c u l a r ,  i t  has been used heavi ly  f o r  t h e  

grand tou r  mission study and outer  p l a n e t  opportuni ty  ca l cu la -  

This code has become a main- 

t i o n s .  

3.2 .2  Gravi ty  A s s i s t  Accessible  Regions Code 

A code has been w r i t t e n  t o  c a l c u l a t e  and auto-  

m a t i c a l l y  p l o t  a c c e s s i b l e  regions contours  f o r  g r a v i t y  ass i s t  

miss ions ,  and has been used very ex tens ive ly  f o r  t h e  g r a v i t y  

a s s i s t  a c c e s s i b l e  reg ions  study wi th  J u p i t e r .  

3 . 2 . 3  NBODY (IV) 

The Fortran-IV vers ion  of t h e  L e w i s  NBODY code 

has been acqui red  and made ope ra t iona l  a t  ASC. I t  has been 

ex tens ive ly  r e v i s e d  a t  ASC s o  t h a t  multibody t a r g e t i n g  and guid- 

ance a n a l y s i s  can be done f o r  t h e  grand t o u r  mission study. 

This  i s  a high p r e c i s i o n  t a r g e t i n g  program. 

3 . 2 . 4  Atmospheric Entry Calcu la t ions  

The AMSR mission s tudy and t h e  J u p i t e r  atmos- 

p h e r i c  e n t r y  s tudy were conducted by combining a series of sub- 

programs t o  i n t e g r a t e  t h e  atmospheric e n t r y  of a spacec ra f t .  

These p i eces  a r e  now being combined i n t o  a genera l  atmospheric 
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entry program which will become a standard ASC computational 

tool. 

3 . 2 . 5  Guidance and Orbit Determination 

Two major programs have been written in this 

area for orbit determination and orbit determination accuracy 

estimates. 

tering technique to determine the most probable orbit from an 

overdetermined set of points and has been used extensively on 

our comet orbit determination study for intercept missions. 

A complementary code, PARODE, has been used for estimating the 

accuracy of orbit determination in the grand tour mission study. 

The orbit determination program uses a Kalman fil- 
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4 .  PAPERS PRESENTED AND PUBLISHED 

The following are  t h e  t echn ica l  papers presented and 

publ ished s i n c e  J u l y  1966 l a r g e l y  as a r e s u l t  of work performed 

on Contract  No. NASr-65(06). 
- 

4 . 1  

4 . 2  

4 .3  

4.4 

4.5 

"The Requirements of Unmanned Space Missions t o  
Jup i t e r "  

by D. L.  Roberts 

Presented a t  t h e  DGRR/WGLR J o i n t  Space Meeting, 
Bad Godesberg, Germany (October 1966). Also pub- 
l i s h e d  i n  "Raumfahrtforschung" January-March 1967. 

"Choice of F l i g h t  Mode for  Outer P lane t  Missions" 

by F.  Narin 

Presented a t  t h e  X V I I  I n t e r n a t i o n a l  As t ronaut ica l  
Federat ion Congress , Madrid, Spain (October 1966). 

"Mars Surface  Simulator:  Design Considerations" 

by J. T.  Dockery 

Presented a t  t h e  X V I I  I n t e r n a t i o n a l  As t ronaut ica l  
Federat ion Congress , Madrid, Spain (October 1966) 

"Comet Orbi t  Determination'' 

by A. L .  Fr iedlander  

Presented a t  NASA Symposium on Tra j ec to ry  E s t i m a -  
t i o n ,  Ames Research C e n t e r  (October 1966). 

"Missions t o  Mars Spur Survey of Bioclean Rooms" 

by J. D.  Stockham, D.  L. Roberts ,  and R .  Zastera 

Heating, Piping and Aircondi t ioning (October 1966). 
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4.6 "An Empirical Method f o r  Estimating Unmanned Space- 
c r a f t  Program Costs" 

by C .  A. Stone and W. P. Finnegan 

Presented a t  t h e  American As t ronau t i ca l  Society 
Nat ional  Conference on Management of Aerospace 
Programs (November 1966). 

4.7 "Mission Requirements fo r  t h e  Unmanned Explorat ion 
of t h e  Solar  System'' 

by F. Narin 

Published i n  Post  Apollo Space Explorat ion,  Volume 
20, P a r t  Two of Advances i n  t h e  Ast ronaut ica l  
Sciences (1966). 

4.8 "Post Apollo Space Exploration," Volume 20,  Advances 
i n  t h e  Ast ronaut ica l  Sciences 

Edi ted by F. Narin (1966). 

4.9 "Results of  Bioclean Room Survey'' 

by J. Stockham, C .  Hagen, S.  Mi l le r ,  M. Nelson, 
and D. L. Roberts 

Heating, Piping and Aircondi t ioning (May 1967). 

I I T  R E S E A R C H  I N S T I T U T E  

62 



5. BIBLIOGRAPHY OF A S C / I I T R I  REPORTS , TECHNICAL MEMORANDA, 
AND MAJOR COXPUTER CODES 

5 .1  ReDorts and Technical Memoranda 

The following bibliography of A S C / I I T R I  r e p o r t s  and 

t echn ica l  memoranda inc ludes  a l l  those  published s i n c e  t h e  

beginning of t h e  con t r ac t  i n  1963. 

TM C-3 An Empirical Approach t o  Estimating Space Program Costs ,  
by J .  Beverly,  C .  Stone and R .  Vickers (copies  not  
a v a i l a b l e )  

R C - 4  Progress on Spacecraf t  Cos t  Estimation S tudies ,  by 
J .  Beverly and C .  Stone (copies  no t  a v a i l a b l e )  

TM C-5 An Analysis of t h e  Cor re l a t ion  Between Spacecraf t  Per-  
formance and Cost Complexity Fac to r ,  by W. Finnegan 
(copies  not  a v a i l a b l e )  

R C - 6  S p r w r a f t  Cost E s t i m a t i o n i  by W. Finnegan and C .  Stone: 
NASA STAR N O .  N66-29740 

R C - 7  Spacecraf t  Program C o s t  Estimating Manual, by 
W. Finnegan and C .  Stone, NASA STAR N o .  N66-30762 

R M - 1  Survey of a Jovian Mission, by ASC s t a f f ,  NASA STAR No. 
N64- 20643 

R M - 2  Survey of a Jovian Mission (U), Conf ident ia l  (copies  
not  a v a i l a b l e )  

R M-3 Survey of Missions t o  the  Astero ids ,  by A. Fr ied lander  
and R .  Vickers ,  NASA STAR No. N64-19566 

R M - 4  Summary of F l i g h t  Miss ions  t o  J u p i t e r ,  by ASC s t a f f ,  
NASA STAR N O .  N64-26597 

R M-5 Missions t o  t h e  Asteroids ,  by ASC s t a f f  (copies  not  
a v a i l a b l e )  
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R M-6 

R M - 7  

TM M-8 

R M-9 

TM M-10 

R M - 1 1  

R M - 1 2  

R M-13 

R M - 1 4  

R P-1  

R P-2 

R P-3 

R P-4 

R P-5 

R P-6 

A Study of I n t e r p l a n e t a r y  Space Missions,  by D.  L .  Roberts ,  
NASA STAR N O .  N65-25003 

A Survey of Comet Missions, by D.  L .  Roberts ,  NASA STAR 
N O  N65-30481 

Cometary Study by Means of Space Missions,  by F.  Narin,  
P .  P i e rce  and D. L .  Roberts (copies  not  a v a i l a b l e )  

Missions t o  t h e  Comets, by F.  Narin,  P .  Pierce and 
D.  L .  Roberts ,  NASA STAR No. N66-15978 

The S a t e l l i t e s  of Mars, by D. L .  Roberts (copies  not  
a v a i l a b l e )  

A Survey of Missions t o  Saturn,  Uranus, Neptune and 
P lu to ,  by F .  Narin e t  a l . ,  NASA STAR No. N67-14253 

A Survey of Mul t ip l e  Missions Using Gravi ty-Assis ted 
T r a j e c t o r i e s ,  by J .  C .  Niehoff,  NASA STAR No. N66-32440 

Prel iminary Payload Analysis of Automated Mars Sample 
Return Missions,  by J .  C .  Niehoff 

Digest  Report:  Missions t o  t h e  Outer P l a n e t s ,  by F .  Narin 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
J u p i t e r ,  by D. L .  Roberts,  NASA STAR No. N64-19567 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
The S a t e l l i t e s  of J u p i t e r ,  by D .  L .  Roberts ,  NASA STAR 
N O .  N64-19568 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
Comets, by D. L .  Roberts,  NASA STAR No. N64-19569 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
Astero ids ,  by D. L .  Roberts,  NASA STAR No. N64-19570 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
I n t e r p l a n e t a r y  Space Beyond 1 AU, by D.  L .  Roberts ,  
NASA STAR N O .  N64-19571 

S c i e n t i f i c  Object ives  for  Mercury Missions,  by T .  Owen, 
NASA STAR N O .  N64-26599 
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R P-7 

R P-8 

R P-9 

S c i e n t i f i c  Objectives of Deep Space I n v e s t i g a t i o n s  - 
Venus, by P .  J .  Dickerman, NASA STAR No. N66-32439 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
Non-Ecliptic Regions, by D.  L .  Roberts (copies  no t  
a v a i l a b l e )  

Compendium of Data on Some Pe r iod ic  Comets, 
D .  L .  Roberts ,  NASA STAR No. N64-28524 

by 

R P-10 C r i t i c a l  Measurements on Ear ly  Missions t o  J u p i t e r ,  
by J .  Wit t ing ,  M .  W .  P .  Cann, and T. Owen, 
NASA STAR N O .  N66-15807 

R P - 1 1  S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
Saturn ,  Uranus, Neptune and P l u t o ,  by P. J .  Dickerman, 
NASA STAR N O .  N66-17090 

TM P-12 R e g u l a r i t i e s  i n  t h e  Solar Sys t em Pe r t a in ing  t o  i t s  
Origin and Evolution, by J. Wit t ing (copies  not  
a v a i l a b l e )  

TM P-13 Comparison C r i t e r i a  f o r  a T o t a l  Lunar S c i e n t i f i c  
Explorat ion Program Study, by C .  A. Stone (copies  n o t  
a v a i  l ab1  e) 

R P-14 Analy t ica l  Methods and Observational Requirements f o r  
I n t e r p r e t a t i o n s  of Asteroid D i s t r i b u t i o n s ,  by J .  Ash, 
NASA STAR N O .  N67-17961 

TM P-15 Analy t ica l  Techniques fo r  t h e  I n v e s t i g a t i o n  of D i s t r i -  
bu t iona l  Fea tures  of t h e  Astero ids ,  by J .  Ash (copies  
n o t  a v a i l a b l e )  

R P-16 Mission Requirements f o r  Exobiological Measurements on 
Venus, by W .  Riesen and D .  L .  Roberts,  NASA STAR No. 
N67-12073 

TM P-17 A Geological Analysis fo r  Lunar Explorat ion,  by 
W .  Scoggins 

R P-18 S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s :  
The Origin and Evolution of t h e  Solar  System, by 
J .  Wit t ing ,  NASA STAR No. N67-10880 
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R P-19  S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s :  
J u p i t e r  a s  an Object of Bio logica l  I n t e r e s t ,  by ASC 
s t a f f  

R P-20 Suggested Measurement/Instrument Requirements f o r  
Lunar Orb i t e r  Block 111, by W. Scoggins and D. L .  Roberts 

R P-21  S c i e n t i f i c  Object ives  f o r  To ta l  P lane tary  Explora t ion ,  
by ASC s t a f f  

TM R - 1  Comparative R e l i a b i l i t y  Estimation Method f o r  Mission 
Programming, by H. Lauffenburger (copies  no t  a v a i l a b l e )  

R R - 2  P r o b a b i l i t y  of Biological  Contamination of Mars, by 
A. Ungar, R .  Wheeler and D .  L .  Roberts (copies  no t  
ava i 1 ab1 e) 

TM S-1 Study of Photographic and Spectrometr ic  Subsystems f o r  
Voyager, by P .  N .  S l a t e r  and C t ,  Johnson (copies  not  
a v a i  1 ab 1 e) 

R S-2 S c i e n t i f i c  Questions Requiring Advanced Technology: 
Asteroid Fly-Through Mission, by J .  A. Greenspan, 
NASA STAR N O .  N66-23631 

R S-3 Telemetry Communications Cuide l ine ,  by M.  S t e in  
(copies  n o t  a v a i l a b l e )  

R S - 4  Thennophysical E f f e c t s  and F e a s i b i l i t y  of J u p i t e r  Atmos- 
phe r i c  Entry,  by J. E.  G i l l i g a n  

TM S-5 Low-Thrust and B a l l i s t i c  Payload Comparison f o r  J u p i t e r  
Orb i t e r  Missions,  by D.  Healy and D. L.  Roberts 
(copies  not  a v a i l a b l e )  

R T-4R Summary of One Way B a l l i s t i c  T ra j ec to ry  Data: Ear th  t o  
Solar  System Targe ts ,  by F.  Narin and P. P i e rce ,  
NASA STAR N O .  N64-19572 

R T-5 Accuracy and C a p a b i l i t i e s  of A S C / I I T R I  Conic Sec t ion  
Tra j ec to ry  System, by P .  P i e r c e  and F .  Narin,  
NASA STAR N O .  N64-19603 
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R T - 6  

R T-7  

TM T-8 

R T-9 

TM T-10 

R T - 1 1  

R T-12  

R T-13 

R T-14 

TM T-15  

TM T-16 

R T-17 

R T - 1 8  

Accessible  Regions Method of Energy and F l i g h t  Time 
Analysis f o r  One-way B a l l i s t i c  I n t e r p l a n e t a r y  Missions,  
by F. Narin,  NASA STAR No. N64-28840 

Pe r tu rba t ions ,  S ight ing  and Tra j ec to ry  Analysis f o r  
Pe r iod ic  Comets: 1965-1975, by F.  Narin and P .  P i e r c e ,  
NASA STAR NO.  N66-13398 

Comparison of A t l a s  Centaur and Floxed At l a s  Centaur 
C a p a b i l i t i e s  i n  I n t e r p l a n e t a r y  Explorat ions Using t h e  
Accessible  Regions Method, by F. Narin (copies  not  
a v a i l a b l e )  

S p a t i a l  D i s t r i b u t i o n  of t h e  Known Astero ids ,  by F. Narin,  
NASA STAR NO.  N65-30471 

Col lec ted  Launch Vehicle Curves, by F. Narin (copies  
no t  a v a i l  ab1 e) 

S ight ing  and Tra j ec to ry  Analysis f o r  Pe r iod ic  Comets: 
1975-1986, by F. Narin and B.  Re jze r ,  NASA STAR No. 
N65-28347 

Analysis of Gravi ty  Assis ted T r a j e c t o r i e s  i n  t h e  E c l i p t i c  
Plane,  b) J. Niehoff ,  NASA STAR No. N65-34460 

Tra j ec to ry  and S igh t ing  Analysis f o r  F i r s t  Appari t ion 
Comets, by P. P i e rce ,  NASA STAR No. N65-35845 

Low-Thrust Tra jec tory  and Paylaad Analysis f o r  Solar  
System Explorat ion U t i l i z i n g  t h e  Accessible  Regions 
Method, by A. Fr ied lander ,  NASA STAR No. N66-13992 

Mission Requirements for Unmanned Explorat ion of t h e  
Solar  System, by F. Narin (copies  no t  a v a i l a b l e )  

Se lec t ion  of Comet Missions: 1965-1986, by F. Narin,  
P.  P i e r c e  and D. L .  Roberts (copies  no t  ava i l ab le )  

Low-Thrust Tra jec tory  C a p a b i l i t i e s  f o r  Explorat ion of 
t h e  Solar  System, by A. Fr ied lander ,  NASA STAR No. N67-12224 

The Access ib le  Regions Presenta t ion  of Gravi ty-Assis ted 
T r a j e c t o r i e s  Using J u p i t e r ,  by D. A. Klopp and 
J. C .  Niehoff 
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R T-19  On t h e  Problem of Comet Orbi t  Determination f o r  Space- 
c r a f t  I n t e r c e p t  Missions,  by A .  Fr ied lander  
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5.2 Major Computational Codes 
I I 5 . 2 . 1  I n t e r p l a n e t a r y  Transfers  

I Conic Sect ion Codes 

SPARC: The JPL general  conic s e c t i o n  code f o r  
b a l l i s t i c  and b a l l i s t i c - g r a v i t y  a s s i s t  f l i g h t s .  

ASC C O N I C :  
and subprograms for  b a l l i s t i c  and g r a v i t y  a s s i s t  
f l i g h t s  and a c c e s s i b l e  reg ions  c a l c u l a t i o n s ,  and 
f o r  conic  guidance a n a l y s i s .  

An extensive c o l l e c t i o n  of p rogram 

High P rec i s ion  Codes 

NBODY(I1) : The For t ran  I1 vers ion  of t h e  L e w i s  
Research Center code has been used f o r  comet per-  
t u r b a t i o n  a n a l y s i s ,  consider ing t h e  g r a v i t a t i o n -  
a l  e f f e c t s  of Sun and p l a n e t s  simultaneously.  

NBODY(1V) : The For t ran  I V  vers ion  of t h i s  i s  
being r e v i s e d  a t  ASC f o r  multibody, high p r e c i -  
s ion  t a r g e t i n g  and guidance a n a l y s i s .  

Low Thrust  Codes 

JPL CODE: The JPL Calculus  of Var ia t ions  Optimized 
Thrusted Tra jec tory  Code has been used f o r  o p t i -  
mum i n t e r p l a n e t a r y  nuc lear  e l e c t r i c  f l i g h t  w i th  
v a r i a b l e  t h r u s t ,  cons tan t  t h r u s t ,  o r  cons tan t  
a c c e l e r a t i o n .  

5.2.2 Near P lane t  Operations 

ATMENT: One of a ser ies  of codes f o r  i n t e g r a t i n g  
t h e  atmospheric en t ry  f o r  a spacec ra f t .  

ZAYIN: A For t ran  I1 code (from W .  P. Overbeck) 
modified f o r  c a l c u l a t i n g  s a t e l l i t e  o r b i t s  around 
t h e  Ear th ,  including obla teness  and a i r  drag. 

GRNDTRC: Generates l una r  ground traces f o r  
s p e c i f i e d  luna r  o r b i t s .  
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TRACE: 
f i e d  Ear th  o r b i t s ,  

Generates Ear th  ground t r a c e s  f o r  spec i -  

5 . 2 . 3  Guidance and Orbi t  Determination 

ORBDET: Orb i t  determination f o r  an overdetermined 
set of po in t s  by Kalman f i l t e r i n g .  

LTNAV: A low t h r u s t  naviga t ion  code. 

PARODE: 
ing code. 

An o r b i t  determinat ion accuracy es t imat -  

5 . 2 . 4  Combinatorial Codes 

XPSLCT and COMBSC f i n d  var ious sets  of payloads 
from experiments and instruments ,  s u b j e c t  t o  
spacec ra f t  c o n s t r a i n t s .  

HFIT:  
p o i n t s  t o  a hyperbola. 

A code f o r  least  square f i t  of a se t  of - 

BIMED: 
from UCLA; used fo r  m u l t i p l e  r eg res s ion  a n a l y s i s .  

A genera l  s t a t i s t i c a l  a n a l y s i s  package 

IMP3: An i n t e g e r  programming code. 

5 .2 .5  Space Sciences Codes 

ASTA: 
v e l o c i t y  d i s t r i b u t i o n s  of t h e  a s t e r o i d s .  

A s e t  of codes f o r  analyzing s p a t i a l  and 

HAZARD: 
a s t e r o i d  and meteor stream d i s t ances .  

A code for  c a l c u l a t i n g  spacec ra f t  t o  

SIGHT: 
ob j e c t s  . A code fo r  analyzing p o s i t i o n  of c e l e s t i a l  

INTEGRALS: A set of codes f o r  eva lua t ing  var ious 
s p e c i a l  i n t e g r a l s  which ar ise  i n  p l ane ta ry  atmos- 
phere a n a l y s i s .  
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5 . 2 . 6  Specia l  Features  and Systems 

GPSS-111: An IBM sys tem f o r  analyses  of systems 
of d i s c r e t e  t r ansac t ions .  

M I M I C :  A For t ran  IV- l ike  system f o r  s imula t ing ,  
on t h e  7094, an analog computer and thereby e a s i l y  
doing i n t e g r a t i o n s .  

K W I C - 1 1 :  The IBM key word i n  contex t  system used 
t o  ca t a log  t h e  ASC l i b r a r y  of s o m e  8000 documents. 

O r b i t a l  Elements Tape: An extens ive  c o l l e c t i o n  
of o r b i t a l  elements f o r  s o l a r  system o b j e c t s  , 
including p l ane t s ,  1600 numbered a s t e r o i d s ,  2000 
unnumbered a s t e r o i d s  and hundreds of comets. 
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Appendix A 

REPORT DESIGNATION AND DISTRIBUTION 

Di s t r ibu t ion  of  ASC/IITRI r e p o r t s  i s  determined on the  

b a s i s  of  range of  i n t e r e s t  or the  s u b j e c t  mat te r .  Those f e l t  

t o  be of genera l  i n t e r e s t  rece ive  t h e  widest  d i s t r i b u t i o n .  

This  category inc ludes  some repor t s  a s  w r i t t e n  and d i g e s t s  of 

t h e  long o r  t e c h n i c a l l y  d e t a i l e d  r e p o r t s .  Reports given wide 

d i s t r i b u t i o n  ( see  L i s t  A) are  bound i n  red f o r  v i s u a l  i d e n t i -  

f i c a t i o n .  

Reports f e l t  t o  be of more s p e c i a l i z e d  i n t e r e s t  inc luding  

some mission s t i ld ies  and t r a j e c t o r y  c a l c u l a t i o n s  are given a 

smaller d i s t r i b u t i o n  (see L i s t  B) .  These r e p o r t s  can be i d e n t i -  

f i e d  by the  black binder .  

Technical memoranda include r e s u l t s  of s p e c i a l  s t u d i e s  

i n  narrow t echn ica l  a r e a s ,  i n t e r i m  r e p o r t s  and o the r  documents 

involv ing  very l i m i t e d  d i s t r i b u t i o n  ( see  L i s t  C ) .  White binders  

are  u s e d  t o  i d e n t i f y  t echn ica l  memoranda. 
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